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PREFACE

This program was conducted by Westinghouse Hittman
Nuclear Incorporated, 9151 Rumsey Road,‘Columbia, Maryland
" 21045, under contract FO8635-84-C-0333 with the Environics
4 . Branch of the Air Force Armament Laboratory, Eglin Air Force
Base, Florida. Dr. M. Patrick and Dr. J. Cornette managed
the program for the Armament Laboratory. The program was
; conducted during the period October 1984 to August 1985.
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) SUMMARY

' As much as 8100 cubic feet of radioactive waste is

i generated at the Eglin Air Force Base in a year. This waste
is generated in the testing of armor penetrators and consists

; primarily of sand contaminated by depleted uranium. The

5 - armor penetrators are fired into a sand target butt. The

: core of the target is removed after firing about 25,000

penetrators, and the penetrator fragments are removed by

U sieving. The sand is then returned to the target. After

g three or four firing cycles, the entire butt is removed,

? placed in about 1,100 55-gallon steel drums, and replaced

i with new sand.

%

4 Up until 1983, the drums containing the separated pene-

# trator fragments and sand were disposed of at commercial

) low-level radioactive waste disposal sites. The waste gener-

E ated since that time and the waste generated from the three

{ changes of the target butt are stored at the test site at

K Eglin AFB.

é The waste in storage consists of 3500 55-gallon drums of

; contaminated sand, 58 18-gallon drums of penetrator fragments

2 and sand, and 80 55-gallon drums containing high efficiency
particulate filters (HEPA). 1In addition, there are a number

) . of armor plates and concrete blocks with localized depleted

b uranium contamination.

d

P " The depleted uranium concentrations of the contaminated

ﬂ sand exceed the allowable limits for on-site disposal. This

% material must be disposed of at a commercial low-level radio-

| active waste disposal site. Because the contaminated sand is

xi
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wet, it must be dried or solidified and repackaged before it
can be shipped to a disposal site.

Drying with a rotary drier is considered to be the best
method for processing the material. In addition to drying,
the rotary drum should convert small pieces of uranium metal
to a non-pyrophoric form.

The cost of processing, packaging, transportation, and
disposal of the 3500 drums of contaminated sand is estimated
to be about $1,280,000. About $315,000 of this amount is the
cost of replacing the drums and disposing of the existing
drums. If the material can be made non-pyrophoric by process-
ing in the rotary dryer, it can then be shipped as low speci-
fic activity (L.S.A.) radioactive material in the existing
drums that can be qualified as strong tight industrial con-
tainers. If half of the existing drums can be reused, the
savings will be an estimated $132,000. An additional
$124,000 can potentially be saved by shipping the material by
rail rather than truck.

The 58 drums containing depleted uranium penetrator
fragments and sand should be dried and repackaged in drums
inerted with argon gas. This material should be offered to
manufacturers of depleted uranium products. The feasibility
of recycling depleted uranium products has been previously
demonstrated. Even though recycling of penetrator fragments
does little to reduce the quantities of waste to be disposed,
depleted uranium is a national resource which should be
conserved and recycled to the maximum extent possible.

The drums containing HEPA filters can be shipped with
the drums of contaminated sand. The depleted uranium contami-
nation on the armor plates and concrete blocks should be

xii




removed and the residue packaged for disposal with the other
waste.

The cost estimates for the disposal of the current waste
inventory are based on disposal at the commercial disposal
site at Beatty, Nevada. At the present time, Eglin AFB does
not have an allocation for disposal of waste at the facility
at Barnwell, S.C. The lower burial costs at the Beatty
facility nearly offset the higher transportation costs.

The Low-Level Radioactive Waste Policy Act of 1980 is
scheduled to go into effect on January 1, 1986. This act
calls for the establishment of compacts to handle low-level
radioactive waste on a regional basis. When the compacts are
approved by the U.S. Congress, the compacts will have the
right to exclude wastes from generators outside the compact.
There is a great deal of uncertainty relative to implementa-
tion of the Waste Policy Act and the availability of future
burial space.

A Memorandum of Understanding between the Department of
Defense and the Department of Energy allows the DOD to use
DOE disposal sites in the event commercial sites are not
available through no fault of DOD. This agreement does
require the DOD contractors and activities to have contin-
gency plans for the disposal of waste at DOE facilities. No
approved contingency plan exists at the present time. This -
report contains guidelines for the preparation of contingency
plans and a model contingency plan for Eglin AFB. Due to the
uncertainties relative to the availability of future disposal
space, a contingency plan for Eglin AFB should be formally
implemented as soon as possible.
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A detailed evaluation was made of on-site disposal of
depleted uranium waste at Eglin AFB. Improved shallow land
burial or an engineered disposal facility would be required
to meet the requirements of 10CFR61 due to the hydrologic,
geologic, and climatic conditions at the site. The cost of
licensing, constructing and operating such facilities was
found to be greater (i.e., $40 to $80 per cubic feet) than
the cost of disposal at commercial facilities (i.e., $28 to
$33 per cubic feet). A facility capable of disposing of all
of the waste on-site cannot be justified.

The U.S. Nuclear Regulatory Commission permits on-site
disposal of radioactive material having low-levels of con-
tamination under 10 CFR 20.302. 1In the case of depleted
uranium, the limits are 3000 picrocuries per gram for in-
soluble material and 1000 picocuries per gram for soluble
material. Studies indicate that the hydrologic conditions at
the Eglin AFB site will permit the disposal of contaminated
material at these concentrations by burial at the test site.
A proposed license application to permit on-site disposal is
included in this report. The cost of on-site disposal of
materials having concentrations within the limits noted above
is $§16.35 per cubic foot and considerably less than off-site
disposal at commercial facilities.

The Air Force must take action to reduce the quantities
of waste being produced and the quantities requiring off-site
disposal. The cost of disposing of low-level radioactive
waste has increased significantly over the past few years.
Most generators have instituted volume reduction programs,

"and the reduced quantities of waste will cause the disposal

cost to increase even more. The quantity of waste could be
reduced to less than 300 cubic feet per year by firing into a
water target. This would require the design and construction
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o

of an entirely new firing range. The volume of waste requir-
ing off-site disposal can potentially be reduced by segregating
the target butt to reduce the quantity of sand becoming
contaminated during the firing cycle. The current practice

e e (M A

of removing the penetrators from the sand and reusing the
sand creates additional waste due to mixing with uncontami-

>

nated sand. Selective removal and disposal of the contami-

e

R nated sand from the central core should reduce the quantities

D

of contaminated sand that must be disposed off-site.

The sand in the balance of the target butt will become
contaminated due to airborne activity within the building
housing the target butt. The-objective would be to minimize
the rate of contamination and to remove the sand before it

-

" o

reaches limits for on-site disposal.

g W

Because of the uncertainties relative to the availability
of future disposal space, priority should be given to the
disposal of the current inventory of contaminated sand as
soon as possible. At the same time, the drums containing
penetrator fragments should be offered to manufacturers of

o o 2,

depleted uranium products to determine whether recycling is a

- o

viable long-term practice. The contingency plan should be

filed as soon as possible to allow the use of DOE facilities

L e

in the event that commercial facilities are not available to
accept the current waste inventory.

Amending the license to allow the on-site disposal of

o e w o R ST s -

materials having low-levels of contamination has a lower

- priority, since the waste now being generated exceeds the
limits for on-site disposal. This licensing action should go
forth in parallel with the program for modifying the firing

TR LR

procedures and facilities to reduce the quantities of waste
. being generated.
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SECTION I

INTRODUCTION

1. BACKGROUND

The Air Force began testing depleted uranium munitions
at Eglin AFB in the late 1960's. Early research efforts to
capitalize on the high density and availability of depleted
uranium as a raw material for the production of armor pene-
trators were directed toward the design and evaluation of 0.5
caliber and 20, 30 and 40 millimeter penetrators. This early
work involved open air test firing of a few hundred penetra-
tors, primiarly against armor targets. The wastes generated
during these tests consisted of relatively small volumes of
depleted uranium penetrators plus contaminated target mate-
rials and residues from the decontamination of the target
materials. No difficulty was experienced in disposing of
these wastes at commercial low-level radioactive material
disposal sites.

The utility of depleted uranium as a munitions component
has now become well established. This has resulted in in-
creased production of depleted uranium wastes in research,
development, test and evaluation programs. In addition,
large quantities of wastes are generated in the large scale
lot acceptance testing of the 30 millimeter penetrators in an
enclosed target butt. The enclosed target butt is also used
to conduct periodic quality assurance tests on depleted
uranium munitions from the war reserves.

At the same time this additional waste was being pro-
duced, three of the six commercial disposal sites were closed.
At the three remaining sites, the requirements for disposal
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were made more stringent, and the prices for disposal were
raised from less than $2.50 per cubic foot to more than

$20.00 per cubic foot. At the Barnwell, South Carolina
disposal site, allocations were imposed to limit the volume

of waste that would be accepted. As a result of these actions,
none of the depleted uranium waste has been shipped from

Eglin Air Force Base since May 18, 1983.

2. WASTE GENERATION

The majority of the waste generated at Eglin AFB consists
of sand contaminated with depleted uranium penetrator fragments.
The target butt consists of about 300 cubic yards of sand
into which depleted uranium armor piercing incendiary penetra-
tors (AP1) and target practice (TP) are fired. The sand butt
is housed in a building with controlled ventilation and the
exhaust air passes through HEPA filters. The sand butt is
dampened to reduce dust generation during firing. Figure 1
shows how the waste was generated and handled during the
period January 5, 1979 through September 11, 1980. The
various operations are described as follows:

a. During this period, there were four firing cycles
in which 12,000 to 21,000 penetrators were fired into the
sand butt. The number of penetrators that can be fired into

the butt during a firing cycle is limited because a large
number of penetrators in the butt will cause ricocheting. 1In -
the more recent firings, the number of penetrators per firing

cycle has been increased to 25,000 or more.

b. After each cycle, the core of the sand butt is
removed, and the penetrators are removed from the sand with a
large mechanically driven sieve. The sieve has half-inch

openings. The sand is dampened with water during the sieving
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’ operation to reduce the possible épread of airborne contami-
nation. The separated fragments and associated sand are
placed in 16 to 18-gallon steel drums. The drums are either

.

shipped to a disposal site or returned to manufacturers of

depleted uranium products for recycling of the uranium. The

drums containing both uranium penetrators and test penetra-

; tors have uranium concentrations of about 30-weight percent.

Drums containing uranium pentrators have uranium concentra- -
tions as high as 60 percent. The sand passing through the

sieve is returned to the target butt.

c. After three to four firing cycles, the entire sand
butt is removed. The penetrators are removed by sieving, and
the remaining sand is placed into 55-gallon steel drums. To

4 date, there have been three sand butt changes, and all of the

g contaminated sand is stored at the test site at Eglin AFB in

@ some 3,500 steel drums. The uranium content of these drums

- is generally in the range of 1 to 5 weight percent. However,

% a few samples have uranium concentrations as high as 20 per-

% cent. Figure 2 shows uranium concentrations of 29 samples

ﬁ randomly taken from the drums being filled during a sand

; change operation. The sand butt changes comprise the major-

;; ity of waste volume requiring disposal.

3.  PRESENT WASTE INVENTORY

13t

Z$ The present inventory of waste now stored at the test .
3; site at Eglin AFB consists of the following:

. Contaminated Sand (three sand butt changes) )
iR 3,500 - 55 gallon drums

j: Uranium Content 1 to 5 weight percent average

20 weight percent peak
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Penetrator Fragments (Sieve from Sand)
58 - 18-gallon drums

Uranium Content approximately 55 weight percent

HEPA Filters
80 - 55-gallon drums

Armor Plate and Concrete Blocks

Localized uranium contamination

In addition, the sand butt which was installed in May
1985 now contains some 50,000 penetrators, and the core will
be removed in the near future to remove the penetrators.

4, DEPLETED URANIUM

Depleted uranium is the by-product of the enrichment of
natural uranium for use in nuclear reactors. Natural uranium
contains 0.72 percent U-235 and 99.275 percent U-238, with
the balance comprised of trace quantities of the other uranium
isotopes. In the natural state, uranium ore also contains
equilibrium concentrations of daughter products generated by
radioactive decay. As part of the enrichment process, the
uranium is separated from the decay products and other impuri-
ties. Enrichment of the uranium is normally performed using
the gaseous diffusion process to concentrate the U-235. The
by-product of this process is depleted uranium which contains
less than 0.5 percent U-235 and more than 99.5 percent U-238.
Figure 3 shows the U-238 and U-235 decay series. Since the
half life of uranium 238 is 4.5 by 10° years, and the half
life of uranium 235 is 7.1 by 108 years, the buildup of decay
products will be insignificant and will not be a factor in

the disposal of depleted uranium.
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The regulations governing the disposal of radioactive
materials are based either on total activity expressed in
curies or specific activity expressed in curies per gram or

curies per cubic meter. Because of the long half life of

DRt R A e S

uranium and other high atomic weight radioisotopes, specific

activity is generally expressed in picocuries per gram or

picocuries per milliliter. A picocurie is 10.12 curies.

Table 1 shows the calculations to convert a depleted uranium -

el

oxide concentration of 1 percent on a weight basis to specific
activity expressed in picocuries per gram. This calculation
assumes that the uranium is all U-238 since it constitutes
more than 99.5 percent of depleted uranium. The calculations

L g S

assume the oxide is U308‘ However, the specific activity
would be the same for UO2 or uranium metal since the calcula-
tion is based on the mixture containing 1 percent uranium.

i g6 ow o ar P

TABLE 1. SPECIFIC ACTIVITY OF DEPLETED URANIUM
SAND MIXTURE

O Gram mole U3O8 (3 x 238.1 + 8 + 16) (gms) 842.3
b Grams uranium per gram mole (3x238.1) (gms) 714.3
. Weight sand/uranium mixture @ 1% U (gms) 71,430 s
Gram moles per gram (1 + 71,430) 1.4 x 10
Atoms U-238 per gm (1.4 x 1072 x 3 x 6.025 !
x 10%3) 2.53 x 1017

Half life U-238 4.51 x 109 yrs

1.422 x 1017 sec.
Decay Constant, A (0.693 + 1.422 x 1017) 4.87 x 10”18
Disintegrations per sec per gram 123.2
(2.53 x 1012 x 4.87 x 10718
One Curie 3.7 x 1010 dis/sec

Uranium @ 1 percent 3.330 x 10°2 curies

-~
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Uranium 238 and depleted uranium are fertile materials
and can be used in the production of plutonium and in breeder
reactors. The quantities of depleted uranium produced in the
enrichment of uranium far exceed the quantities that will be
used in breeding of plutonium for the foreseeable future.

Depleted uranium is an extremely dense material with a
. density of 18.95 grams per cubic centimeter. The high den-
sity and availability of depleted uranium make it an ideal
candidate for armor penetrating munitions. In addition,
uranium metal is a pyrophoric material which can function as
an incendiary agent after penetrating armor.

5. TOXICOLOGY OF URANIUM

Uranium is toxic to humans in two ways: first, as a
nephrotoxin which chemically attacks the kidneys, and second,
as a low specific activity radionuclide which is partially

retained in specific body areas or organs.

a. Chemical Toxicity

Uranyl (UO2 +2) compounds are very soluble, and
uranyl carbonate complexes are also soluble; hence, uranium
is very mobile at the pH found in bodily fluids (Ref. 1).
Ninety-five percent of the uranium ultimately retained in the
body is deposited in the bone. Excretion is mainly via the
kidney, and the proximal tube is the critical organ in the
kidney damaged by uranium. The earliest symptom of this

- damage is an increase in urinary catalase and albuminuria
observed in both animals and humans. Experiments on volun-
teers and terminally ill patients utilized single injections
of between 20-100 micrograms per kg body weight UOZ(NOB)Z to
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induce these symptoms (Reference 2). This means that a
180-pound person would require a concentration intravenous
dose of 6-7 mg U02(NO3)2 to begin affecting kidneys. Within
24 hours, 60 percent of a dose is excreted in the urine; 25

percent may ultimately be fixed in bone (Reference 3).

The main concern would be oral ingestion and the
associated potential chemical toxicity. The fraction of
uranium going from the gastro-intestinal tract into the blood
is 0.01 (Reference 4). Consequently, a dose of from 600- to
700- mg would be required to reach the point where renal
problems would be diagnosed in the above hypothetical 180-
pound person. This would require 600- to 700- ppm U in a

liter of ingested water.
b. Radiological Toxicity

Unlike chemical toxicity, radiological toxicity is
enhanced by retention time of the alpha-particle-emitting
uranium atom in a critical portion of the body. The most
critical organ for radiological toxicity is the lung; the
bone is next most critical. Lung exposure is caused by
inhalation of uranium-bearing particles. However, lungs are
not an exposure path for groundwater from buried waste. In
this case, soluble uranium compounds will be ingested, and a
certain portion of the uranium will be fixed in bone tissue.
As high as 25 percent of the uranium carried in the blood-
stream can eventually be depositied in bone tissue (Reference

3) .
6. RADIOACTIVE MATERIALS LICENSE
Up until June 26, 1985, the depleted uranium at Eglin

AFB is covered by the U.S. Nuclear Regulatory Commission
Source Material License, Number SUB-992. Under this license,




the licensee may possess 70,000 kilograms of depleted uranium
at any one time. The authorized uses are; receipt, storage,
testing and evaluation of munitions containing depleted
uranium. The Environics Branch of the Armament Laboratory

was responsible for the license until early 1985. The respon-
sibility for the license was recently transferred to the
3246th Test Wing, the group that directly performs the testing.

On June 26, 1985, the Nuclear Regulatory Commission
granted a broad scope license to the U.S. Air Force. Under
this license, the Air Force assumes the responsibility of
licensing the various activities involving the use of nuclear
and radioactive materials. This arrangement is similar to
the licensing responsibility of an agreement state. With
this transfer of licensing authority, the former Nuclear
Regulatory Commission licenses have been redesignated as Air
Force Permits. The license numbers remain the same, but the
suffix of "AFP" is added to the number to designate that it
is an Air Force Permit.

If the current Eglin AFB license is to be amended to
allow on-site burial, the licensing action would be taken by
the USAF Radioisotope Committee at Brooks AFB. However, the
Radioisotope Committee might seek technical assistance from
the Nuclear Regulatory Commission.

11
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SECTION 1II

i IDENTIFICATION OF ALTERNATIVES

& 1. SCOPE

i - , . .o .

o The work on this project was divided into two tasks. In
3 . . .

v, . the first task, all reasonable alternatives for the disposal

of the waste generated at Eglin AFB were identified. This
included collection of data relative to the quantities and

t types of waste being generated now and in the future. The

ﬁ regulations governing the handling, packaging, transporta-

5 tion, and disposal of depleted uranium waste were investi-

; gated for both off-site disposal and for disposal at Eglin
Qf AFB. A preliminary assessment was made of the hydrogeologic
X conditions at Eglin AFB with particular emphasis on the

b

@ factors that would affect the disposal of depleted uranium at
Eglin AFB. Conceptual designs were developed for on-site

5‘ disposal of waste. The technical and economic aspects of

i on-site disposal were compared with off-site disposal at

i commercial burial sites or facilities operated by the Depart-

. ment of Energy. At the conclusion of the Task 1 effort, six

I alternatives were identified for detailed investigation in

: Task 2.

2. DISPOSAL AT DEPARTMENT OF ENERGY FACILITIES

0 ,

? a. Memorandum of Understanding

b

. The Department of Energy (DOE) and its precursor,
I the Atomic Energy Commission, has the responsibility for the
l, development, utilization and control of atomic energy for

ﬁ military and other purposes vital to common defense and

- security. The DOE is also responsible for processing and
"

h

b
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utilization of source, byproduct and special nuclear mate-
rials in order to provide for common defense and security and

to protect the health and safety of the public. As a matter

of policy, it has been determined that radioactive waste
generated by the Department of Defense (DOD) activities will

be disposed of at commercial disposal sites if available.
Disposal of DOD waste at Department of Energy facilities will

be allowed only when commercial disposal sites are not avail-
able. This policy is contained in a Memorandum of Understanding
between the Department of Energy and the Department of Defense
which was renewed May 1, 1984 (Reference 5). The purpose of
this Memorandum of Understanding is stated as follows:

"The DOD and DOE objective is to assure the presence
of suitable disposal sites for DOD and DOE contract

related radioactive waste when commercial sites are

not available because of events outside of DOD con-

trol."

The responsibilities of the two agencies in the
implementation of this Memorandum of Understanding are sum-
marized as follows:

(1) Department of Defense Reponsibilities

°® Safety of radioactive waste packaging.
°® Use of commercial disposal site unless
unavailable due to circumstances beyond

DOD control,

° Notification of DOE of potential disposal

problems,




° Development of contingency plan for each
contract,

1 e All costs for packaging, handling, trans-

:'l’

portation to and disposal at the desig-
nated DOE site.

. (2) Department of Energy Responsibility

o Prompt review of DOD notifications of
disposal problems,

° Provide appropriate waste disposal facili-
‘ ties for DOD and DOE contractors,
3,
Qj ® Will not permit disposal at DOE sites if
e commercial disposal facilities are not
available through fault of DOD,

° Assist DOD to the extent practical to
resolve disposal problem (i.e., viola-
tions of packaging or shipping).

» " Representatives of the Department of Energy
: have reaffirmed the policy that the radioactive waste gener-
ated at Eglin AFB can be disposed of at DOE facilities only
<{€ if commercial facilities are not available.
o3¢
i
& b. Status of Contingency Plans
The Memorandum of Understanding requires the Depart-
§ﬁ ment of Defense to have contingency plans for the disposal of
*n

: depleted uranium waste or low-level radioactive waste for
each government activity or contract involving the use of

15




depleted uranium. The contingency plans must list the steps
_ that will be taken in the event commercial disposal facili-
1 ties become available.

In September, 1984 (Reference 6), draft contingency

" plans prepared by two contractors were submitted by the DOD

@ to the DOE. Contingency plans had been submitted by con-

oy tractors several years earlier, and the new plans were being .
submitted in compliance with the renewed Memorandum of Under-
standing. In November 1984 (Reference 7), the Department of

Energy provided extensive comments on the contingency plans

that had been submitted. In this transmittal, it was noted

Ay L - - -
- W D

that the DOE comments that had been made on the original
plans had not been incorporated. Under the Memorandum of
Understanding, the DOE has the right of disapproval on the
contingency plans. Accordingly, no approved contingency

o e YT
- e Y T e

plans currently exist for the use of DOE facilities if com-
mercial facilities are not available.

:

% The Memorandum of Understanding refers to contin-

( gency plans for each contract which involves the use of

= depleted uranium. The Memorandum of Understanding does not
explicitly require the government activities licensed and/or
4 involved in the use of depleted uranium to submit contingency
. plans. In order not to impair the fulfillment of military

», missions, the military installations and other government

‘5.

ﬁ activities involved in the use of depleted uranium should -
{ also have contingency plans for the disposal of waste gener-

8 ated at these installations. At the present time, no con-
tingency plans for military installations are known to exist.

g Section V of this report contains a detailed des-
K cription of the items to be included in contingency plans,
? and Appendix D is an example of a contingency plan for Eglin
9':

- AFB.
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v When the Memorandum of Understanding is renewed on

July 1, 1987 (or earlier, if possible), the requirements for

NOTK
ﬂ?( contingency plans for military installations as well as con-
OO
:%% tractors should be clarified.

P

¥ ‘a;k‘

S i c. Cost of Disposal at DOE Facilities
s
ﬁk\ Estimates were made of the cost to dispose of the
Av.', {,

LY current inventory of 3500 drums of waste at DOE facilities.
L. The estimates were prepared to determine the potential impact
:"‘_
fﬁi{ if commercial sites were not available and to provide the
}.' data needed to compare disposal at DOE facilities with other
A p P

e

G0 alternatives. Table 2 is a summary showing the estimated
Eff cost for disposal of the current waste inventory at the DOE
.gi- Nevada Test Site or at the DOE facility at Oak Ridge, Tennessee.
Eég’ These costs do not include drying and repackaging of the

Las material and the cost of new containers. A further discus-
Y sion of these items is contained in Section III of this re-
)

R port.

;fs::“

e

Bty 3. PACKAGING FOR TRANSPORATION AND DISPOSAL

J

wtl;t‘:

;ﬁ% Shipments of depleted uranium waste from Eglin AFB to
ﬂﬁf the commercial burial facility at Barnwell, South Carolina
colE

~ﬁ# were terminated in 1983 after questions arose relative to the
‘qa. proper packaging of depleted uranium waste. As previously
%@gj . discussed, the sand target butt is dampened to reduce the

pd . .
éﬁﬁ airborne activity. In addition, the sand is wetted during
f“' the sieving operation to reduce the possible inhalation of
395 - material by personnel performing the sieving operation.

"Ry . .
55 Accordingly, both the contaminated sand (55-gallon drums) and
0

:mh» the sand and uranium penetrators (18-gallon drums) are damp
W)t

;ﬁ:' when placed into the drums. The drums containing the waste
Qﬂ
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i
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TABLE 2. DISPOSAL AT DEPARTMENT OF ENERGY FACILITIES

Transportation and Disposal Cost

(3500-Drum Inventory)

Nevada Test Oak Ridge,
Site Tennessee
Mileage!? 1990 526
Transportation Cost? $238,200 $ 66,450
Burial Cost3 $ 65,625 $183,7504
Total Cost $303,625 $250,200
Cost §/cf $ 11.57 $ 9.53

1 Mileage from Eglin AFB to the disposal facility.

Based on one-way mileage commodity rates effective October
15, 1984, for low-level radioactive waste.

Based on burial cost price schedules in effect on January
1, 1985.

4 Based on burial cost book value of $7.00/cf.

have been stored in the open and have experienced some
deterioration due to the weather. The majority of the waste
must now be repackaged before it can be shipped either to a
commercial disposal facility or to a DOE facility. The
inventory of material is now quite large (>3,500 55-gallon
drums), and the costs of disposing the waste have increased
significantly over the past few years. Accordingly, the cost
of disposing of the waste now represents a major project and
will require a special allocation of funds for its accom-
plishment.
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a. Department of Transportation Regulations

The Hazardous Materials Table contained in 49 CFR
172.101 lists Uranium Metal Pyrophoric as a radioactive
material with identification number UN2979 and requiring
Radioactive and Flammable Solid labels. The specific require-
ments for packaging are contained in 49 CFR 173.418 and no
exceptions are allowed. Transportation in passenger carrying
aircraft or railcar and in cargo aircraft is forbidden.
On-deck or under-deck water shipments are allowed subject to
the requirements of 176.63(b) and 176.63(c), respectively.
These latter requirements are the same as those applied to
high explosives.

The requirements for Authorized packaging-pyrophoric
materials are specified in 49 CFR 173.418 and are summarized
in Table 3. The referenced requirements of 49 CFR 173.24 and
49 CFR 173.465 are summarized in Tables 4 and 5.

Uranium metal in the form of cuttings, turnings,
chips, grinder dust and fine grained powders is highly pyro-
phoric. Uranium metal powder used to fabricate components
using powdered metallurgy processes is not considered pyro-
phoric if the particles are 15 microns or greater. Depleted
uranium components including unclad penetrators with rela-
tively sharp tips and threads are not considered pyrophoric
and are routinely handled. Likewise, turnings having very
thin sections will ignite and will oxidize that portion of
the metal that is potentially pyrophoric. The apparent ex-
planation is.the very large amount of energy produced in the
oxidation of uranium metal. The energy produced in oxidizing
uranium metal is 835 kilocalories per gram mole of U308.
This equates to 1.78 MBTU per pound of oxide. With thin
sections of uranium metal, the heat is transferred to the
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TABLE 3. DEPARTMENT OF TRANSPORTATION REGULATION
49 CFR 173.418

Authorized Packaging - Pyrophoric
Radioactive Materials

o Quantities not exceeding A2 per package .
o In solid form - not fissile
o Corrosion resistant receptacles
o Positive closures
o Free of water
o Made inert to prevent self-ignition:
- Mixed with dry sand
- Blended into concrete matrix
- Receptacle filled with inert gas
o Meet requirements of

- 49 CFR 173.24
- 49 CFR 173.465

TABLE 4. DEPARTMENT OF TRANSPORTATION REGULATION
49 CFR 173.24

Standard Requirements All Packages

R,

o No significant release to the environment
o No spontaneous increase in heat or pressure
o No significant chemical or galvanic reaction
o Closures to prevent inadvertent leakage >
A
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TABLE 5. DEPARTMENT OF TRANSPORTATION REGULATION
49 CFR 173.465

Type A Packaging Tests

o Free drop from 4 feet
o Compression five times weight of package
o Penetration by 6 kg bar from 1 meter

adjacent metal causing it to heat to the ignition temperature
before the energy can be dissipated. Ignition stops when the
mass of the remaining metal can absorb the energy generated
by the oxidation without reaching reaction temperatures.

Thin sections of potentially pyrophoric uranium metal can be
ignited by heating to as low as 400°F. Once the thin sec-
tions are heated and oxidized, the remaining metal should no
longer be considered pyrophoric.

The problem with the existing regulations is that
there is only one classification of uranium metal, and this
classification considers all uranium metal to be pyrophoric.
The current regulations do not specify what particle sizes
are considered pyrophoric as is done in the case of zirconium
and hafnium metals in 49 CFR 173.214.

An interpretation was informally requested from
representatives of the Department of Transportation and the
Nuclear Regulatory Commission relative to 49 CFR 173.418. 1In

— both cases, the opinion was that the uranium metal would

}fﬁ still be classified as pyrophoric and as a flammable solid
ﬁﬁ? even after inerting with dry sand or cement. Accordingly, it

would have to be shipped in Type A containers. It could not
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be classified as Low Specific Activity material, L.S.A., and
shipped in strong tight industrial containers. Contacts with
individuals at National Laboratories handling depleted uranium
indicate that materials inerted with cement and fabricated
components are shipped as L.S.A. and are not labeled as a
flammable solid.

There is a precedent in the DOT regulations for -
determining whether materials are pyrophoric by means of a
test. This test is specified in 49 CFR 173.176 and covers
both safety matches and strike-anywhere matches. The re-
quired test is specified as follows:

"Strike-anywhere matches (or safety matches),
when offered for transportation, must be of a
type which will not ignite spontaneously or
undergo marked decomposition when one complete
inside package is subjected for eight consecu-
tive hours to a temperature of 200°F (93.3C)."

There does not appear to be any reason why the
criteria used for matches should not be equally applicable to
determining the pyrophoricity and/or flammability of uranium

and other potentially pyrophoric metals and for mixtures of

these metals with sand and other inerting media. However,

tests should be conducted to determine whether 200°F (93.3C)

is a proper temperature in the case of depleted uranium and o

other metals.

Continuing to classify all uranium metal as a
pyrophoric regardless of form and size can have significant
economic consequences. It will be very expensive to require

inerting and the use of Type A containers as compared to

L.S.A. shipments in strong tight industrial containers.




b. Requirements for Disposal

The regulations and most licenses for the disposal
of low-level radioactive materials preclude the disposal of
pyrophoric materials. 10 CFR 61.56(a)(6) states:

"(6) Waste must not be pyrophoric. Pyrophoric
materials contained in waste shall be treated,
prepared, and packaged to be nonflammable."

10 CFR 61.2 defines pyrophoric materials as fol-
lows:

"Pyrophoric Liquid" means any liquid that ignites
spontaneocusly in dry or moist air at or below 130°F
(54.5°C). A pyrophoric solid is any solid material,
other than one classed as an explosive, which under
normal conditions is liable to cause fires through

friction, retain heat from manufacturing or process-

ing, or which can be ignited readily and when |
ignited burns as vigorously and persistently as to
create a serious transportation, handling or dispo-
sal hazard. Included are spontaneously combustible

and water reactive materials."

Based on these requirements and definitions, de-
pleted uranium, when packaged for disposal, should also be
shown to be non-reactive if submerged in water. This would
provide the necessary assurance that a hazard would not
result if the disposal site should become inundated with
water. The oxidation potential in water can be readily
determined by monitoring for the release of hydrogen.

The licenses for the three commercial disposal

sites preclude the disposal of pyrophoric materials. The
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licenses predate 10 CFR 61 and are generally based on the DOT
requirements for transportation.

. 4, DISPOSAL AT COMMERCIAL DISPOSAL FACILITIES

t_ X
- The depleted uranium waste generated by the manufac-

5 turers of depleted uranium munitions is being routinely

disposed of at the three commercial disposal sites. Mate-
A rials suitably packaged for transportation are generally

o accepted for disposal without question. The waste generated
ﬁ at Eglin AFB consisting primarily of penetrator fragments and
]

:- small quantities of sand was shipped to commercial disposal

)

1

sites until 1983. However, none of the contaminated residual
3 sand from the target butt changes has been disposed of at
commercial sites.

X a. Requirements for Disposal at Barnwell, SC

The State of South Carolina is an agreement state,

3 and as such, regulates the disposal activities at the Barnwell
\ Waste Management Facility. The Department of Health and
. Environmental Control is the state agency responsible for the
" site. The Barnwell Waste Management Facility Site Disposal
R Criteria (Reference 8) contain the following provisions
A relative to the disposal of depleted uranium.
:; "10.8 Pyrophoric Materials >
)
10.8.1 Pyrophoric material contained in

wastes shall be treated, prepared
. and packaged to be non-flammable and

1 rendered non-pyrophoric prior to
' shipping.

15
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5

i& 10.8.2 The process for rendering the mate-
o rial non-pyrophoric must be submit-
?E} ted and approved by the Manager,

i ; Regulatory Affairs (Barnwell) prior
%& to shipping.

e

?E 10.8.3 No material that might react violent-
és ly with water or moisture shall be

35 accepted for disposal at the Barnwell
- Site.

R

&; 10.8.4 Questions concerning these materials
ﬁ; should be directed in writing to the
; Manager, Regulatory Affairs (Bapnwell)."
%

y

X In addition, the State of South Carolina has recent-
2. ly imposed special requirements on the disposal of incinera-

tor ash or powders, such as baghouse dust. These require-

ga ments affect the manufacturers of depleted uranium munitions
?ﬁ who incinerate uranium turnings, chips and scraps. It may
;ﬁ also affect future operations at the Heavy Metal Test Facility
ié at Eglin AFB. Section 45 of the general conditions of South
e Carolina Department of Health and Environmental Control

t?; Radioactive Material License 097, covers the disposal of

‘? dispersible waste as follows:

%ﬁ . "45. The Licensee shall not receive radioactive

;E waste in the forms of incinerator ash or powder

ji which may be dispersible unless solidified with a
i ‘ media specified in Condition 33 of this license, or
ﬁ% packaged to prevent dispersion as specifically

Q% approved by the Department. In lieu of solidifi-

cation, these waste forms may be received in high

integrity containers approved by South Carolina |

25 |

-~ Lo | " P L PR PR AU R (R A T P e I A L S R IR q-\ \(\ . _..a « A
W e '#" -r-r" Ly v"‘ p L e (L ' I, el sV ‘ 2 l,ﬁ,u
R A X R Pl A 8 W Ral o R A A X n W, 3 o




Department of Health and Environmental Control
. provided the waste is stablized with a binding
¥ matrix."

:l ’

k)

h)

]

To date, no criteria have been issued as to what

Y constititues packaged to prevent dispersion or stabilized

X with a binding matrix. In discussions with the South

P Carolina Department of Health and Environmental Control, they
have indicated that material must not be dispersible by wind
or water in the event that a container should split open.

;

N

é b. Requirements for Disposal at Beatty, NV and

i Richland, WA

L

f The license for the Beatty, Nevada (Reference 9)

j sites does not contain any special provisions relative to the
J disposal of depleted uranium or pyrophoric radioactive waste.
W The general provisions for packaging of waste are as follows:
:

y "20. All radioactive materials accepted for dis-

X posal shall be packaged in accordance with

- current U.S. Department of Transportation

% (DOT) regulations for the transportation of

a radioactive material, and shall be disposed of
bl in these DOT containers unless otherwise

; specified by this license. Improperly pack-

ﬁ aged radioactive materials shall not be dis- -

posed of by the licensee unless specific

e

authorization for disposal is granted by the
Radiological Health Section, Nevada Division

o

of Health."
p)
"
* The license for the Richland, Washington facility
" (Reference 10) contains similar general provisions for the
; ;
; !
f
b
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}%s packaging of waste and the following specific requirements
SN ~ for pyrophoric materials.

B

.3: "27. No pyrophoric or chemically explosive radio-
i active material that might react violently
§$ : with water, moisture or agitation shall be
ﬁ% accepted for disposal at the site without

ﬁa‘ ‘ prior approval by the Department.

ol

ol Waste must not contain, or be capable of

5% generating quantities of toxic gases, vapors,
gm or fumes harmful to persons transporting,

35‘ handling, or disposing of the waste. This
%ﬁ does not apply to radioactive gaseous waste
‘,t packaged in accordance with Condition 28 of
;t this license."

Jidy c. Cost of Disposal at Commercial Disposal Facilities
g

ﬁﬁ Estimates were made of the cost to dispose of the
i current inventory of 3,500 drums of waste at commercial dis-
;ﬁ posal facilities. Eglin AFB does not have a space allocation
%ﬁ at the Barnwell Waste Management Facility. If the waste is
Qﬁ to be disposed of in the near future, it may be necessary to
it ship the waste to one of the western disposal sites. Table 6
S is a summary of the estimated cost of transporting and dis-
éé posing of the current waste inventory at each of the three
s commercial disposal sites.

Nt

;b” : These cost estimates cover only’the cost of trans-
%ﬁ portation and disposal. They do not include the cost of

kﬁ processing and repackaging of the material, nor do they

o include the cost of containers. The estimated costs for

3?- disposal at Barnwell, SC are based on the 1984 price sched-
é& ules which were in effect when this work was performed.
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TABLE

Mileage!l

6.

DISPOSAL AT COMMERCIAL DISPOSAL FACILITIES

Transportation and Disposal Cost

(3,500-Drum Inventory)

Transporation Cost2

Burial Cos
Total Cost
Cost $/Cf

t3

Richland,
WA

2589
$ 299,600
$ 571,200
$ 870,800
$ 33.17

Beatty,
NV

2020
$ 240,450
$ 517,080
$ 757,530
$ 28.86

Mileage from Eglin AFB to the disposal facility.

15, 1984, for low-level radioactive waste.

Barnwell,

SC

582
$ 71,600
$ 669,043
$ 740,643
$ 28.21

Based on one-way mileage commodity rates effective October

Based on burial cost price schedules in effect on January

1, 1985, and does not include cost of burying pallets.

Current estimates of the costs including repackaging are

contained in Section III of this report.

d.

Low-Level Radiocactive Waste Policy Act of 1980

With the enactment of the Low-Level Radioactive
Waste Policy Act in December 1980,

disposal of low-level radioactive waste were defined as

follows:

SRS

'”}.

'1-"

responsibilities for the

Each state was made responsible for the dis-

posal of low-level radioactive waste generated

within its borders.

'U'-'\‘
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' States were required to make provisions for
handling their waste by January 1, 1986.

' States were encouraged to enter into Compacts
for the development of regional low-level
waste disposal facilities.

e Regional Compacts must be approved by the U.S.
Congress.

® Congress may withdraw consent of Compacts
after 5 years.

°® After January 1, 1986, the regional Compacts
may restrict the use of the facility for waste
generated outside the Compact.

The states of Alabama, Florida, Georgia, Mississippi,
North Carolina, South Carolina, Tennessee, and Virginia have
agreed to enter into the Southeast Interstate Low-Level
Radioactive Waste Management Compact. Bills have been intro-
duced in the House of Representatives and the U.S. Senate to
grant the consent of Congress to this Compact (References 11
and 12). Under this Compact, the state of South Carolina
would continue to be the host state and accept waste until
1992 at the Barnwell, South Carolina facility. The Southeast
Compact has initiated studies to select a site which is to be

in operation to replace the Barnwell disposal facility in
1992. )

Since the Eglin AFB is located in the State of
Florida and Florida is a party state in the Southeast Com- '
pact, burial space should be available to the Air Force at
the Barnwell Facility beginning in 1986 and at the disposal
facility that will replace Barnwell in 1992, However, there

29
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are a number of complicating factors. The Southeast Inter-

state Low-Level Waste Management Compact defines the low-level

radioactive waste for which they are responsible as follows:

"The party states recognize and declare that each
state is responsible for providing for the avail-
ability of capacity either within or outside the
state for disposal of low-level radiocactive waste
generated within its borders, except for waste
generated as a result of defense activities of the
federal government or federal research and develop-
ment activities. They also recognize that the

management of low-level radiocactive waste is handled

most efficiently on a regional basis."

In telephone discussions with the Executive Direc-
tor of the Southeast Compact, it was noted that the phrase,
"except for waste generated as a result of defense activities
of the federal government" might be applied to the waste
being generated at Eglin AFB in the testing of depleted
uranium armor penetrators. This could preclude the accept-
ance of the waste being generated at Eglin AFB, at Barnwell
after the Southeast Compact is approved, and at future dis-
posal sites in the Southeast Compact. This being the case,
the Department of Energy would be obligated to accept the
waste since commercial disposal facilities would not be
available due to no fault of the Air Force.

The defense related exclusion would probably not
apply to the manufacturers of depleted uranium penetrators.
By precedent, the manufacture of munitions is considered to

be an industrial activity.
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Although significant progress has been made to
establish Compacts and to initiate plans for regional dis-
posal facilities, no new low-level radioactive waste disposal
facilities will be available by January 1, 1986. If Congress
were to approve the Compacts that have been proposed without
amending the Low-Level Radioactive Waste Policy Act of 1980,
only three compacts would have disposal facilities, and these
compacts would have the right to exclude waste from genera-
tors outside of the compacts. The Low-Level Radioactive
Waste Policy Act Amendments of 1985 have been reported by
subcommittees. In summary, these amendments would:

® Define low-level radioactive waste to exclude
only DOE and nuclear related defense waste.

° Extend transition period and guaranteed access
to current disposal sites from January 1, 1986

until December 31, 1992.

° Require States without disposal sites to meet
milestones for new sites.

° Establish ceilings on the amount of waste to
be accepted during the transition period.

® Allocate disposal space to nuclear generating
facilities based on type, age and location.

[ Provide disposal capacity for non-utility
waste from states without disposal sites.

) Impose surcharges on waste from generators in

states without a disposal facility.
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5. ON-SITE DISPOSAL

a. Title 10 Code of Federal Regulation Part 20

Pl

Prior to 1981, Section 20.304 of the Standards for
Protection Against Radiation, 10 CFR 20, provided general
authority for the disposal of radioactive materials by burial
in soil. Under this section, licensees were permitted to
disposal of licensed material by burial in soil provided:

TSN X

oy

K ° The total quantity of radioactive material
; buried at one location and at one time does
.: not exceed 1000 times the amount specified in
% Appendix C (Natural Uranium; 100 pCi).
4 ° Burial is at a minimum depth of 4 feet.
!
° Successive burials are separated by distances
: of at least 6 feet.
)
! ° No more than 12 burials are made per year.

This general authority would allow the annual
burial of 880 pounds of material contaminated with natural

- >

uranium and having a concentration of 3000 pCi per gram.

] Effective January 28, 1981, the regulations were -

' amended to delete Section 20.304. Under the amended regula-

X tions, licensees must apply for and obtain specific approval .
R for the burial of radioactive material under the provisions

: of 10 CFR 20.302. With the deletion of Section 20.304,

Y applications for the burial of radiocactive waste are required

to demonstrate that local land burial is preferable to other
disposal alternatives. On October 23, 1981, a Branch Tech-
nical Position was issued (References 13 and 14). This
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5 Branch Techn{cal Position specifically addressed sites formerly
. used for processing thorium and uranium which have been
contaminated with residual radioactive materials. The Branch
o Technical Position states:

"In many cases, the total amount of contaminated

N soil is large, but the activity concentrations of
A : radioactive materials are believed sufficiently low
it to justify their disposal on privately owned lands
or storage onsite rather than their transport to a
licensed radioactive materials disposal (commer-

% cial) site."”

"In many instances packaging and transporting these
X, wastes to a licensed disposal site would be too

R costly and not justified from the standpoints of
risk to the public health or cost-benefit."

"... because of the total volume of these wastes,
limited commercial waste disposal capacity, and
restrictions placed on receipt of long-lived wastes
at commercial sites, it is not presently feasible

3 to dispose of these wastes at commercial low-level
ﬂ waste disposal sites."

&

. This Branch Technical Position is intended to apply
~§ to licensed and unlicensed sites contaminated during past

R operations. However, the rationale for on-site burial is

gf equally applicable to the sand contaminated with low concen-
I trations of depleted uranium currently being generated at

& Eglin AFB. 1In discussions with representatives of the Nuclear

Regulatory Commission, it was confirmed that the same criteria

could be applied to on-going operations subject to hydrological,
0 geological, environmental and other factors.
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The U.S. Nuclear Regulatory Commission has issued a
notice (Reference 15) which encourages licensees to submit
applications under 10 CFR 20.302 for the disposal of large

volumes of material contaminated at very low levels.

The Branch Technical Position established criteria
for the on-site disposal of waste based on the concentrations
of the waste. The disposal options for depleted uranium are
summarized in Table 7. Table 8 shows the basis for each of

the disposal options and the restrictions that must be applied.

Option 4 shows the highest concentrations allowed for on-site
disposal. Materials having depleted uranium concentrations
greater than 1000 pCi per gram for soluble material and 3000
pCi per gram for insoluble can only be stored on-site for
later disposal at appropriate disposal facilities.

At the present time, practically all of the waste
being generated at Eglin AFB exceeds the limits for on-site
disposal even under Option 4. Section VI discusses methods
by which the contamination of the sand can be reduced to
allow on-site disposal of a major portion of the waste under
10 CFR 20.302 and the Branch Technical Position.

b. Title 10 Code of Federal Regulations Part 61

An on-site disposal facility to handle all of the
waste presently being generated at Eglin AFB would have to be
licensed under 10 CFR 61. Because Eglin AFB is located in a
humid climate and a coastal environment, various types of
engineered dispdsal concepts were considered in addition to
improved shallow land burial. Conceptual designs and cost
estimates were prepared for the following disposal concepts:

Shallow land burial
Above-ground vault
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TABLE 7. SUMMARY OF NRC POLICY ON
DISPOSAL OF DEPLETED URANIUM

N

#

4

‘t,

Z Disposal Options(a)

b Material 1 2 3 4

:{ Depleted Uranium

R o Soluble(P 35 100 N/A 1000

#!

R o Insoluble‘c’ 35 100 N/A 3000

:

, (a) - Units are pCi/g

]

ﬁ (b) - Limiting organ is lung

2 (c) - Limiting organ is bone

2 N/A - Not applicable

£

P>

b,

N TABLE 8. BASIC AND RESTRICTIONS OF DISPOSAL OPTIONS

{t‘

Option Basis Comment
1 EPA Cleanup Standards No restrictions
Y
2 Limits individual doses to At least 4 foot soil cover.

o 170 mRem/yr Acceptance of site based on
K\ topograpical, geological,
\ hydrological and meteoro-
1 logical conditions.

l

: 3 --- Applies only to natural uranium ---

.

b 4 Limits individual doses to As in Option 2, plus deed
5 500 mRem/yr restriction (covenant) on
i use of land for residential
X _ or industrial building,

. . agriculture, or excavation
. . of site.

"’

: 5 Storage for later dis- Radiation doses not to ex-
"3 posal at appropriate ceed 10 CFR Part 20 and are
:ﬁ facility as low as is reasonably

achievable (ALARA).

-t
"o e ey
*

: 35

LS "ttl HOSBOG0N
o ’““" .*0“ R ""h 'o »’ *n' DOOROUNNM] "u‘.'e}‘.{‘l‘.‘o'u.‘n



K3 Above-ground vault with cover

@ Below-ground vault

ﬁ% Mounded concrete bunker

Ei’ Concrete canister

o Concrete canister with drums .
32 Concrete canister with bulk storage

jw Pipe caisson

fg Augered caisson -

. Appendix A contains sketches, descriptions and cost

:4 estimates for each of these disposal concepts.

Wk Figure 4 shows the comparative costs of on-site disposal
§% at Eglin AFB for each of these concepts. Table 9 shows the

;fi breakdown of the development, operating, closure and institu-
iﬂ tional control costs. Table 10 compares the desirable disposal
ﬁ' unit characteristics associated with each of these disposal

i concepts.

-

2# It was concluded that an on-site disposal facility

> licensed under 10 CFR 61 was not a viable alternative and did
g not warrant further consideration. The disposal costs asso-
;% ciated with the least cost on-site disposal alternative

ﬂ? (i.e., above ground at $40.07 per cubic foot) exceed the cost
? of off-site disposal at commercial facilities (See Table 9,
Costs $28.21 to $33.70 per cubic foot) and disposal at Depart-

%@ ment of Energy facilities (See Table 9, Costs $9.53 to $11.57 -
O

ib per cubic foot). In addition, the above-ground vault does
3 not provide all of the features that one would want in a
ﬁi disposal facility in the Eglin AFB environment. The infor-
)

&; mation on these on-site disposal concepts is being reported
;M; primarily for comparison with the alternatives selected for
e

el detailed evaluation.
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c. Hydrologic, Geologic, and Environmental Investiga-
tions

As part of the identification of alternatives,
investigations were made of Eglin AFB to identify conditions
that would have a major influence on the siting and licensing
of a disposal facility at this location. This work was
performed to support a disposal facility for materials having
low levels of contamination under 10 CFR 20.302 or a facility
capable of handling all of the waste and licensed under 10
CFR 61.

Visits were made to Eglin AFB and the Northwest
Florida Water Manager District, the U.S Geological Survey
Office, and the Department of Environmental Regulation in
Tallahassee, Florida. All environmental reports that had
been prepared relative to the Eglin AFB site and the test
site were reviewed.

Information was compiled relative to the hydro-
geologic conditions at the test site. This information was
presented at the First Program Review. Based on this infor-
mation, it was concluded that a disposal site for materials

having low levels of contamination was possible.
6. RECYCLING OF DEPLETED URANIUM

After firing into the sand butt, the majority of the
penetrator fragments are quite large. At the end of each
firing cycle, the larger fragments are removed by sieving
with a mechanical sieve having a one-half inch mesh. The
fragments retained by the sieve plus balls of wet sand are
placed into 16 to 18-gallon drums. Using the available data,
it would appear that the weight of the recovered fragments
can be as much as 60 percent of the total weight of the
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penetrators fired into the target during the firing cycle. A
normal firing cycle consists of approximately 25,000 penetra-
tors having a total weight of 16,500 pounds. With a recovery
of 60.5 percent, 10,000 pounds of depleted uranium can poten-
tially be recovered from each firing cycle. The drums con-
taining the recovered penetrators and sand generally contain
55 to 60 percent penetrators on a weight basis.

In 1982, 28 18-gallon drums of recovered penetrators
ﬁere shipped to Nuclear Metals, Inc. in Concord, MA to deter-
mine the feasibility of recovering the depleted uranium
(Reference 16). These drums were filled with material sieved
from the target after a firing cycle of 20,268 depleted
uranium penetrators and 13 test penetrators. The weight of
the uranium penetrators fired into the target during the
firing cycle was about 13,400 pounds. Prior to melting, the
fragments were first etched with a sodium hydroxide solution,
and the aluminum wind screen fragments were manually removed.
The fragments were then pickled in nitric acid, followed by a
water rinse and drying. The fragments were melted utilizing
a VIR furnace. Four casting heats were made with the re-

covered depleted uranium fragments, and 31 billets were
casted. The charge weight was 6,136 pounds, and the weight
of the billets was 5,923 pounds for an overall casting yield
of 96.5 percent. The recycled material met the chemical re-
quirements for the GAU-8 penetrators.

The overall recovery based on penetrators actually fired
was 44 percent.

Although recycling of penetrators is desirable to con-
serve a valuable resource, it has minimal effect on waste
disposal. The reduction in the volume of waste requiring
disposal is at most 1 to 2 percent.
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During the evaluation of alternatives phase, special

tests were conducted to determine whether sieves with smaller
openings could remove additional uranium and reduce the con-
centration of the sand requiring disposal. The objective was
to reduce the concentration to below 3000 picocuries per
gram. This would allow the sand passing through the sieve to
be disposed of on-site under 10 CFR 20.302. Unfortunately,
the sieves with smaller openings did not reduce the contami-
nation levels to anywhere near this value. In addition,
removal of additional fine grained material would result in
more of the recovered uranium being oxidized which would
reduce the recycling yields.

7. CONCLUSIONS OF THE TASK 1 EFFORT

The work on the identification of alternatives led to a

number of conclusions. These are summarized on Table 11.

8. SELECTION OF ALTERNATIVES FOR INVESTIGATION

The results of the Task 1 effort were presented at a
Project Review meeting held on January 16-17, 1985. Follow-
ing this review, the Air Force selected the alternatives to
be investigated in Task 2 (Reference 17). Table 12 contains
a listing of these alternatives.
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" TABLE 11. CONCLUSIONS OF THE TASK 1 EFFORT

R On-Site Disposal

o Eglin AFB Not Suitable for 10CFR6l1 Facility,

’Igl ] 3 . 3 .

A On-Site Disposal More Expensive Than Off-Site Disposal,
i On-Site Disposal of Contaminated Material Potentially
‘o Attractive.

B

) "

ﬂﬁ Packaging for Transport

. Pyrophoric Materials Require Inerting in Type A Packages,
3ﬁ Oxidizing Potential Phyrophoric Material Allows LSA

B Shipments.

0

v..’s g

if Disposal at DOE Facilities

3§ Not Permitted If Commercial Facilities Available,

!

;5 Contingency Plans Needed By Eglin AFB and Manufacturers,
ﬁ Waste May Be Excluded From Southeast Compact as Defense
K Related.

e

;& Disposal at Commercial Facilities

,ﬁ Waste Must Be Repackaged For Shipment/Disposal,

o No Space Allocation At Barnwell For Eglin AFB,

;: Low Burial Prices At Beatty Offset Transport Costs,

¢

ﬁ: Dispose of Present Inventory Before January 1, 1986.

N

whil

ﬁﬁ Recycling of Depleted Uranium Waste

' Recycling of D.U. Fragments Previously Demonstrated

§ . Potential Recovery of 10,000 pounds DU per 25,000 Rounds,
Additional Recovery Not Practical or Desirable,

Inerted Containers Required For Transport,

oS Present Inventory Requires Repackaging.
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f§ TABLE 12. ALTERNATIVES APPROVED FOR INVESTIGATION IN TASK 2
|
l:'. ‘
vy
ﬁ ° Disposal of current inventory of sand and depleted
#: uranium at the commercial disposal facility at Beatty, .
S Nevada. ) i
v QE' |
An
%‘ ® Initiate a program for the recycle of penetrator frag- ' T
X
ol ments in depleted uranium products.
ﬁ' ° Develop procedures and equipment for the inerting and
k, stabilization of depleted uranium fragments in the event
?
ﬁ that the industry is not interested in recycle. |
L 4 |
R . .
Ay ° Develop plans and procedures for the packaging and dis-
L]
Y posal of future waste as it is generated.
‘l
» o Develop contingency plans for the shipment of depleted
‘; uranium waste to DOE disposal facilities in the event
ﬂ that commercial burial sites are not available.
e |
o ® Develop concepts for the on-site disposal of all de-
‘% pleted uranium waste in accordance with 10 CFR 61 and
& evaluate and rank the concepts with other disposal
i
" alternatives.
‘ny
!
r; °
i
N
&
)
N
N
:: »
B
‘:!.;
"
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S SECTION III
:& DISPOSAL OF PRESENT INVENTORY
1. CONTAMINATED SAND

4t Over 90 percent of the current waste inventory at Eglin

H - AFB is the 3,500 drums of contaminated sand. This is the

L. sand from the three changes of the target butt after the sand
became pulverized and no longer effective as a target material.

3; In all but one case, the penetrator fragments were sieved

E% from the sand prior to placement in the drums. As previously
e shown in Figure 2, the concentrations of depleted uranium

E{ range from 1 to 5 percent on a weight basis, with some of the
:ﬁ_ "~ drums having concentrations as high as 20 weight percent.

;3: The concentration of depleted uranium in the contaminated

éﬁ sand is higher than the limits for on-site disposal under 10
e CFR 20.302 (i.e., 3000 picrocuries per gram insoluble and

:m 1000 picocuries per gram soluble). In addition, tests have
Y shown that it is not feasible to reduce the concentrations of
:Q uranium by the use of sieves having a closer spaced mesh.

‘ For these reasons, the contaminated sand must be disposed at
‘ﬁ a licensed commercial burial site or at a Department of

%f Energy disposal site if commercial burial space is not avail-
i able. Because of the uncertainties relative to the avail-

ability of burial space after January 1, 1986, the disposal
of the contaminated sand should take place as soon as possible.

44
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i a. Packaging for Transportation and Disposal

‘ .

$‘ The contaminated éand in most of the drums is damp
E and in some cases wet. Water is sprayed on the target butt
3& and during the sieving operations to reduce the possibility
™ of airborne contamination. To meet shipping and burial

9"
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ﬁ requirements, the depleted uranium in contaminated sand must

' be inerted with dry sand or blended into a concrete matrix.

? Three alternative methods for inerting the contaminated sand

% were considered. These were:

‘ ° Addition of water and cement to form a free :
% standing cement matrix.

i :
K e Drying using a combination of wrap around drum

. heaters and immersion heaters.

0

ﬁ °® Drying in a rotary dryer of the type used in

? sand, gravel and mineral operations (See

: Figure 5).

%; Table 13 is a summary of the cost for processing,

ﬁ repackaging, transportation and disposal of the present

7, inventory of contaminated sand using each of the three alter-

g native packaging methods. The assumptions used in making

$ these estimates are contained in Appendix B.

'62

- TABLE 13. ALTERNATIVE METHODS FOR DISPOSAL

“ OF PRESENT INVENTORY*

i

. Drying Drying

k Solidification Drum Heater Rotary Heater .
% Repackaging $ 337,000 $ 286,000 $ 305,000

a3 Compact Old Drums 148,000 148,000 148,000
Transportation 342,000 260,000 260,000 :
ﬁ” Burial 566,000 566,000 566,000

I Total $1,393,000  $1,260,000  §$1,279,000

e’n

?ﬂ * 3500 drums of contaminated sand.
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Rotary Dryer for Sand and Gravel

Figure 5.
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As shown in Table 13, drying is less expensive than
solidification. Of the two methods of drying considered, the

use of a rotary dryer is recommended for the following reasons:

The total cost is only 1.5 percent higher.
Uses a portable propane tank.

Does not require special electrical service.
Equipment is more rugged and reliable.
Better quality control of the product.
Better suited for future operation.

Lower operating costs.

Oxidizes potentially pyrophoric materials.

In the evaluation of alternative processing methods,
it was assumed that all of the contaminated sand would be
repackaged in new 1l7H steel drums. This assumption was based
on having to classify the depleted uranium as pyrophoric in
accordance with 49 CFR 172.101 and shipping the material in
accordance with 49 CFR 173.418 and the other applicable
regulations. As discussed in Section I1.3.a., it was con-
sidered that the depleted uranium in the contaminated sand
can be rendered non-pyrophoric by drying in the rotary dryer.
This being the case, the contaminated material could then be
shipped as Low Specific Activity Material (LSA) using strong
tight industrial containers. Many of the drums now being
used to store the contaminated sand can be classified as
strong tight industrial containers and used to transport the
contaminated sand after drying. This reduces the number of
new drums that must be procured. It also reduces the cost of
disposal of the existing drums. Table 14 shows the cost of
replacing and disposal of the 3,500 drums. Table 15 shows
the revised cost of reprocessing, packaging, transportation
and disposal, if 50 percent of the existing drums are reused.
As indicated this can potentially save $132,000 which would
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;; TABLE 14. COST TO DISPOSE OF PRESENT DRUMS
(3500 Drums)

Kt Compaction $148,000
e Labor $ 6,000
° Compactor Charge 129,500
ol Overpacks 12,500
4 - Transportation . 25,000
i Burial 54,000
Total 227,000
SQ& Replacement Drums 88,000
z&h Total Cost Including Replacement Drums $315,000

1 TABLE 15. COST OF DISPOSAL USING ROTARY DRYER
.h{ (WITH 50 PERCENT REUSE OF EXISTING DRUMS)

Repackaging $260,500
g} Material & Equipment $122,500
X Labor 138,000

by Disposal of Drums 114,000
] Labor 3,000
X Compactor Charge 65,000
fogre Overpacks 6,500
B Transportation 12,500
N Burial 27,000

Disposal of Contaminated Sand

Transportation 260,000

Burial . 512,500

. Total $1,147,000

Potential Savings $ 132,000

N

LR

49

R f"l»'§?4;’ﬂ

. : . - X 15 r
NGO L] (3 U On et AN A N ) 0‘}0gl|1§‘_ﬁ‘,l.;:¢u*' ) ey
T B TN s W R et U Gt et

80 i



hedinidl it SR IR TERRaT R T L e e e e e s

more than offset the cost of procuring and installing the
rotary dryer.

In order to use this approach, it will be necessary
to obtain the concurrence of the Department of Transportation
that the material can be made non-pyrophoric and therefore
suitable for transport as LSA. This will undoubtedly require
testing. In addition, it will be necessary to.obtain the -
concurrence of the disposal facility that the material has
been rendered non-pyrophoric and not reactive if immersed in
water.

The cost estimates shown in Tables 13, 14, and 15
all assume that non-usable drums would be processed using a
high force mobile compactor. This will reduce the height of
the empty drums to about 2.5 inches and will allow 14 com-
pressed drums to be placed in an 80-gallon steel overpack
(diameter: 25 inches, height 38 inches). The cost of mobili-
zation and usage of the compactor has been estimated at
$32.27 per drum. This cost is much less than the cost of
burying the empty drums or decontaminating the drums to allow

on-site disposal.

Figure 6 shows the operations involved in the drying,
processing and packaging of the contaminated sand.

b. Rail Transportation .

The estimates contained in Tables 13, 14, and 15
assume that the waste is transported by truck to the commer-

f

cial disposal site at Beatty, Nevada. Rail shipments were
also considered as means of reducing transportation costs.

- e O Ny oy e
e A8 A e

Routing via the Seaboard System Railroad and the Union
Pacific/Missouri Pacific Railroad from Eglin AFB to Beatty,

o

2

-

Nevada was considered based on the following assumptions:

)
o
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o Piggyback shipment with unit train.
° Railroad supplied trailers.

°® Includes pickup at Eglin AFB and transport to
Mobile, Alabama.

° Includes transport from Las Vegas to Beatty, )
Nevada.

° Net Payload: 45,000 pounds

® Price: $3,337/trailer.

Table 16 is a comparison of the estimated cost of
truck and rail transport. As noted, rail shipment can poten-
tially save $123,848. However, truck transportation is
highly competitive and trucking firms may lower prices to be
competitive with rail transport.

TABLE 16. COMPARISON OF TRUCK AND RAIL TRANSPORT

Truck Shipment Rail Shipment¥*

Number of drums 3,500%% 3,500%%*

Weight per drum 750 750

Allowable Weight per trailer 40,000 45,000 |

Number of drums per trailer 53 60 -

Number of trailers 66 58 |

Price per trailer $ 4,809 $ 3,337 |
_Total Price $317,394 $193,546 S

Potential Savings $123,848 |

*Based on piggyback shipments
**Does not include used drum disposal
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R 2. PENETRATOR FRAGMENTS

i

53 ! The present inventory of waste material at Eglin AFB

5&1 includes 58 18-gallon steel drums containing penetrator frag-
;ﬁ% ments that have been removed by sieving and sand. The sand
;wé ) in these packages is damp or wet for the reasons previously
;&‘ noted, and the material must be inerted for shipment. Based
%li on the weight of the drums, the uranium content could be as
%Y high as 60 percent. The weight of the fragments contained in
s the 58 drums could be as much as 16,000 pounds. For this

%& reason, it is recommended that this material be made avail-
hm able to manufacturers of depleted uranium products for re-

-&h cycling rather than disposing of this material as waste.

L

{ S Before the penetrator fragments can be shipped, it
Aif will be necessary to dry the sand and repackage the penetra-
&4; tor/sand mixture in new inerted containers. The methods for
) handling penetrator fragments are discussed in detail in Sec-
5.::& tion 1V of this report.

Bt 3. HIGH EFFICIENCY PARTICULATE FILTERS

e

:fﬁ The present waste inventory includes 80 55-gallon drums
hﬂ: containing HEPA filters. The HEPA filters are used to con-
A trol the ventilation of the building which houses the target
;.' butt, and the filters collect the airborne particulates. The
ﬁ&ﬁ : depleted uranium is virtually all oxidized, and the filters
zg do not need to be considered as pyrophoric materials. This

T, will allow the -material to be shipped as LSA This will

52  . permit most of the present drums to be used.

.”1' ;
?wf 4. ARMOR PLATE AND CONCRETE BLOCKS :
AR

A There are a number of armor plates and concrete blocks
%&l at the Eglin AFB test site that were used in tests of depleted
{

i
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uranium penetrators. These plates and blocks have some

. localized depleted uranium contamination. The cost of trans-
g porting and disposal of these plates and blocks would be
prohibitively expensive because of their size and weight.
Since the contamination is localized, it is recommended that

b the plates and blocks be decontaminated to the levels re-
a quired for free release of radioactive materials. The free
o release limit is normally defined as 100 disintegrations per ’

minute per 100 cm?®. If possible, the plates and blocks

. should be decontaminated to the non-detectable limit which is

I
q normally defined as less than 50 dpm per 100 cm?.
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SECTION 1V

RECYCLING AND DISPOSAL OF PENETRATOR FRAGMENTS

1. SEPARATION AND RECLAMATION OF PENETRATOR FRAGMENTS

The practice of separating the penetrator fragments from
the target butt sand was initiated primarily to permit the
sand to be reused. After a large number of penetrators have
been fired into the target butt, the penetrators being fired
impact the penetrators in the butt and cause ignition and
oxidation of the uranium. The presence of a large number of
penetrators in the butt also causes ricocheting of the pene-
trators and could create a safety ﬁazard. After approxi-
mately 25,000 penetrators have been fired into the target
butt, the core is removed, and the penetrators are removed
from the sand by using a mechanical sieve. Experience indi-
cates that the weight of the uranium fragments removed by
sieving will be about 60 percent of the weight of the pene-
trators fired into the target butt. The penetrator fragments
and the retained sand are placed in 16- to 18-gallon steel
drums. The sand passing through the sieve is returned to the
sand butt, and additional sand is added as needed. After
about four firing cycles of 25,000 rounds each, the sand

becomes pulverized, and the entire sand butt is replaced.

In the past, the drums containing the penetrator frag-
ments and sand were shipped to commercial disposal sites for
burial as waste. In October 1981, 28 drums of depleted
uranium fragments and sand were shipped to Nuclear Metals,
Inc. in Concord, MA to determine the feasibility of recover-
ing and recycling depleted uranium. It was found that the
depleted uranium fragments could be reclaimed and were suit-
able for recycle as GAU-8 munitions. The results of this

55
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program were previously summarized in Section II of this
report and are fully reported in Reference 11.

Approximately 10,000 pounds of depleted uranium frag-
ments can be recovered from each firing cycle of 25,000
penetrators.

A series of tests were conducted during this project to
determine whether the additional uranium could be recovered
by using finer mesh sieves. Four samples containing sand and
depleted uranium were taken from drums stored at the test
site. Each sample was analyzed for depleted uranium content
and then sieved using a No. 5 U.S. Sieve (opening 0.157
inches). The amount of material remaining in the sieve was
analyzed to determine the uranium concentrations and the
percentage of depleted uranium removed. The results were as

follows:

Drum Original Uranium Final Fraction
Number Concentration Removed Concentration Removed

(%) (mg/g) (%) (%)

42 12.92 71.3 5.79 55.2

600 4,55 18.36 2.72 40.3

916 0.88 0.14 0.74 1.6

1052 0.31 * 0.30 n.a.

*Below limits of detection.

As shown in Figure 2, the majority of the contaminated
sand has uranium concentrations in the range of 1 to 10 per-
cent. The two samples in this range (i.e., 42 and 600), had
removals of 40 to 55 percent with the finer mesh sieve.
However, the uranium concentrations in the sand still ranged

from 2.7 to 5.8 percent. These concentrations still exceed
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the maximum concentration that can be considered for on-site
disposal (~ 1 percent). The amount of depleted uranium that
could be removed from a sample (No. 916) with a concentration
slightly below the allowable limit (i.e., 1 percent) was
minimal (i.e., <2 percent). Based on these results it was
concluded that sieving with finer mesh sieves could not

reduce the concentrations to allow for on-site disposal. In
addition, personnel involved in the recycle program have also
indicated that the recovery of smaller fragments would not
significantly increase yield due to the difficulty in separat-
ing the smaller particles and the increased amount of oxidized
material.

2. PACKAGING OF PENETRATOR FRAGMENTS

The contents of the drums are generally damp and in some
cases wet from the water used to control airborne contamina-
tion. At a minimum, the sand must be dried. Because of the
amount of depleted uranium in each of the drums, it is recom-
mended that the containers be inerted with both the dry sand
and an inert gas. Figure 7 shows the packaging recommended
for this purpose. A l1l6-gallon steel drum, qualified as a
Type A container, is used to contain the penetrator fragments
and the dry sand. This drum would be equipped with an inert
gas inlet. Argon would be injected into the filled drum to
displace the air. After all of the air is displaced, the
cover would be sealed, and a slight over pressure of argon
would be maintained in the container. The 16-gallon drum
containing the penetrator fragments would be overpacked in a
30-gallon drum, qualified as a Type A container. Sand would
be used as a buffer between the two drums. This is a conser-

vative packaging concept but would be relatively inexpensive
since it uses standard drums, and a relatively small number
would be required. The druns would be reusable.
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a0 3. VALUE OF PENETRATOR FRAGMENTS

ey The penetrator fragments will have limited value to de-
W pleted uranium manufacturers. In the recycling demonstration

H project, considerable manual labor was required to segregate
ﬁég the uranium fragments from the aluminum windscreens and sand
ﬁg * in preparation for melting. Deplefed uranium has been readily
G available to manufacturers, and there are a number of sources
ﬁ?; of uranium scrap that are easier to recycle than the penetra-
W : tor fragments.

For the current inventory of penetrators and for those -

Zﬁ generated in the near future, it is recommended that they be
2&? offered to uranium manufacturers at no cost other than ship-
%&; ping and the return of the shipping containers. Shipments

Xy should be allocated to various manufacturers to build an ex-
ﬁﬁ perience base in the handling and recycling of these materials.
$a- If the manufacturers show interest in the recycling of pene-
ﬁg _ trator fragments, consideration can then be given to selling
W the uranium penetrator fragments on a competitive basis as a
?& recoverable resource. There will also be savings due to the
2&% costs that would otherwise be incurred in the disposal of the
gﬁ. penetrator fragments.

iy

ﬁk 4, URANIUM CONCENTRATIONS

o

ﬁ% In the recycling program, the manufacturers will need to
ey know the quantity of uranium contained in the drums. Sampling
ot ) and analysis of the material could yield misleading results.
"; Certain samples could contain relatively whole penetrators

Pls

and other samples might be predominantly sand.




a. Calculation Method

A method has been developed to estimate the weight
" of uranium in a given drum using the size of the drum, the
void volume and the gross weight. The derivation of this

. method is contained in Appendix C. This method utilizes the
3 large differences in the specific gravity of uranium, sand

% and, where applicable, steel to calculate the volume and
weight of each constituent. Since the uranium is primarily
. metal, no attempt is made to specifically account for the

ﬁ small quantity of uranium in the oxide form nor the aluminum
o wind screen material. The two equations for calculating the
! weight of uranium in a drum are as follows:

(1) Mixtures of Sand and Uranium Fragments

)

¥

! = -

f W, 1.1645 wt 192.14 Vt (1)

g% (2) Mixtures of Sand, Uranium and Iron Fragments

9 w, = 1168 "¢ - 165 V¢ (2)
Ni

B 1003 + 326 (ﬁﬁ

f (3) where:

‘ .

i‘

{Q W, = Weight of uranium in given drum (1lbs)

iy Wt = Weight of contents (1lbs)

)

ﬁ“ = Gross drum weight - weight of drum -

;ﬁ V., = Volume of solids (CF)

. = Drum volume - unfilled volume - "

o interstitial voids

)

L

$ Ni = Number of test penetrators in firing

o cycle

o

- Nu = Number of uranium penetrators in firing

23 cycle

W
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b. Examples

;{. The 54 drums of penetrators at the Eglin AFB have

Eé an average weight of 531 pounds. The drums weigh 15 pounds

. - leaving a weight of contents of 516 pounds, wt. The drums

gi have an internal volume of 2.225 cubic feet. Assuming an

ﬁ% s overall void volume of 33 percent, the volume of solids, Vt’
TE? would equal 1.49 cubic feet. Less than 1 percent of the pene-
. trators fired into the target were test (target practice)

%% penetrators. Therefore, equation (1) can be used as follows:
e

o W = 1,165 x 516 - 192.14 x 1.49 (3)

u

601.14 - 286.29

e
"

314.85 pounds uranium

Ry Based on a weight of contents of 516 pounds, the
material in the drums is about 61 percent uranium.

A% 2

b

E& In the earlier firing cycles, larger numbers of test
Qk- penetrators were fired. During the May 5, 1979 through January
{ 22, 1980 firing cycles, 24,108 uranium penetrators and 23,765

ﬂ? test penetrators were fired into the target. The sieving opera-

$2 tions on this material produced 75 drums of sand and penetrators
%é having an average weight of 445 pounds. Using equation (2),

_ the uranium content of the drums is calculated as follows:

o}

% .

i W, = 445 - 15 = 430 lbs.

’3’ }

e . = 1.49 CF

B N, _ 23,765

£
|-
|

W.:’-
=
[

vl 430 - 165 x 1.49 (5)
T u = 1168 15535326 x 0.986

e‘l"

&y

»
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- 184.2
¥3 = 162.4 1bs
o The concentration of uranium in these drums is .
s about 37.8 percent.
&
b 5. EFFECTS ON DISPOSAL )
¢

" With the present mode of operation using the sand target
2% butt, the removal and recycling of the pentrators have a
minimal effect on the quantities of contaminated material

K requiring disposal. In a typical firing cycle as previously
o, shown in Figure 1, the volume of penetrator fragments is

W about 180 cubic feet compared to a total volume of 8665 cubic
feet (contaminated sand: 8185 CF; HEPA filters: 300 CF;

. fragments: 180 cubic feet). The fragments constitute less

W than 1 percent of the total waste being generated.

t'.:

‘h:

'&: If the uraniu. manufacturers are not interested in

! recycling of the uranium fragments, there is little motiva-
,% tion to continue separating the fragments other than to allow
X

) the sand to be reused.

s The reuse of the sand could be increasing the quantity
o, of contaminated material being generated. If the core of the

et target containing the penetrators could be selectively removed -
;ﬁ and not returned, the contamination of the majority of the

o sand used in the butt could be minimized and the useful life .
o extended. This could significantly reduce the sand butt

ff changes that produce the vast majority of the waste. Methods

;% by which this could be accomplished are discussed in Section

o VI.
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6. DISPOSAL OF SAND CONTAINING PENETRATORS

The selective removal of the target core results in sand
containing concentrations of depleted uranium in the range of
10 percent. If the manufacturers are not interested in
recycling of the uranium fragments, this material would be
shipped as waste without segregating the uranium fragments.

: The concentration of this material is considerably less than

the concentration of the sand containing the separated uranium
fragments. '

Provided that the sand is dry, it should be more than
adequate to inert the uranium fragments. It may be possible
to show that this material is non-pyrophoric to allow ship-
ment as LSA. However, the use of 17H drums and shipment as
Type A material will not significantly increase the cost. It
should not be necessary to use cement and solidification to
inert the material.
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SECTION V
8

CONTINGENCY PLANS FOR THE USE
OF DEPARTMENT OF ENERGY FACILITIES

1. POLICY

The Memorandum of Understanding between the Department
o of Defense and the Department of Energy for the Disposal of
L Radioactive Waste requires the preparation of contingency

X plans for the use of DOE disposal facilities in the event
that commercial disposal facilities become unavailable.

K Paragraph 3.1.4 of the Memorandum of Understanding contains
& the following provisions:

v "3.1.4 DOD agrees that each contract which involves
the use of depleted uranium and the disposal
of DUW and LLW shall include a contingency
% plan that the:contractor will furnish to DOE
4 and DOD. DOD will review and approve the

. plan, and DOE will have the right of dis-
approval (Section 4.0). The plan must list
& ' the steps the contractor will take in the

event commercial disposal facilities become
D unavailable. The plan will state, as a
W . minimum:

e ’ -(a) The amount (i.e., volume and activity) of
R DUW and LLW estimated to be generated in

o a specific period of time;

. (b) The availability of temporary on-site
5 storage for DUW and LLW;
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(c) A model time-phased action plan with the

steps the contractor will take from the
receipt of notice of potential unavail-
ability of commercial disposal sites
until the delivery of DUW and LLW by the
contractor to a DOE-designated site; and,

(d) Specific procedures for notification and
reporting in the event the contingency

plan is implemented."

The Memorandum of Understanding deals with waste gener-
ated by contractors performing work on contracts with the
Department of Defense. Even though the current agreement
does not explicitly cover waste generated by government
organizations and government facilities, such as Eglin AFB,
it can be assumed that the same requirements will apply. As
previously discussed, provisions should be made for contin-
gency plans for military installations when the Memorandum of

Understanding is renewed on July 1, 1987.

The current status of contingency plans was discussed in

Section 11.2.b of this report.
2. CONTINGENCY PLAN CONTENT

Based on the requirements stated in Paragraph 3.1.4 of
the Memorandum of Understanding, the two contingency plans
submitted by deferise contractors and the Department of Energy
comments on these contingency plans; a consolidated listing
of the contents for contingency plan was compiled. The

consolidated list of contents is as follows:
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Projected Waste Volumes

Waste Characteristics, including exposure data
Available On-Site Storage Versus Waste Production
Characterization of Waste Per 40CFR261
Compliance with DOT Shipping Requirements
Packaging at Maximum Density

Compliance with Burial Site Requirements
Completion of Burial Compliance Worksheet
Completion of Solid Waste Burial Record
Structural Analysis of Special Containers
Handling Procedures and Use of Forklifts
Implementation Plan and Procedures

B = X L = T MO A O T

Points of Contact at Generator Facilities

3. IMPLEMENTATION PLAN AND PROCEDURES

Paragraph 3.1.4(d) of the Memorandum of Understanding
requires specific procedures for notification and reporting
in the event the contingency plan is implemented. The steps
involved to implement the plan will generally consist of the

following:
a. Determination of Non-Availability of Commercial
Sites,
b. Notification of Procuring Contracting Officer.
c. Notification of State Licensing Authority.
d. Notification DOD Environmental Policy Directorate.
e. Notification of DOE by DOD.
f. Execution of Interagency Agreement.
- g. DOE Designation of Disposal Site.
h. Notification of Contractor of Designated DOE Site.
i. Establish Contact with Designated Site.
j. Compliance with Requirements at Designated Site.
k. Utilization of Storage to Reduce Disposal Require-

ments.
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?5 1. Reporting of Incidents and Accidents.

o m. Notification of Availability of Commercial Facilities.

7} ' n. Termination of the Use of DOE Facilities.

ﬁa 4, PREPARATION OF CONTINGENCY PLAN .
t ‘

;& Appendix D contains a contingency plan for Eglin AFB

%; prepared in accordance with the guidelines discussed above. '
s This contingency plan is based on waste continuing to be

3{ generated at the same quantities and of the same types as now

g& being generated. In addition to the procedures required by

? the Memorandum of Understanding and the Department of Energy,

o this contingency plan includes the following initial actions

prior to actual implementation.

%Q a. Request the Department of Energy to designate
i specific DOE sites to receive waste from designated
? military installations and contractors.
)
3 b. Establish contact with key personnel at the desig-
&
) nated DOE disposal facility.
-/
i‘;
o c. Obtain guidelines for the acceptance of waste at
1
ey 4 each of the designated DOE sites.
L
» d. Prepare procedures for processing, packaging and
;g‘ transportation to comply with DOE acceptance criteria. -
R~
L)
e. Obtain concurrence of the designated DOE site on .
f! the processing, packaging, and transport procedures.
e
hig)
W £. Advise the designated DOE site of conditions that
Q} could affect the quantities or activity levels of
B the waste or the procedures for processing, pack-
1¢
}3 aging and transport.
W)
4
. 6 8
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SECTION VI

‘h, DISPOSAL OF FUTURE WASTE

" 1.  GENERAL

b < The Air Force must take action to reduce both the amount
of waste generated and the amount of waste requiring off-site
. disposal:

?f The unit costs to dispose of waste are expected to in-
Yy . . .

j@L crease significantly over the next few years due to a number
¢

. of factors. These include:

T
®

The cost of siting new facilities will be much

X higher than for present disposal facilities.

.-

%: b. The cost to license new facilities to meet the

2: requirements of 10 CFR 61 will be greater than

&4 costs to license existing facilities.

0

gi c. New disposal facilities serving regional areas will
;& handle less waste than present facilities.

??

3 d. Due to rising costs and shortages and uncertainties
ﬂ? . related to future burial sites, most generators

HQ have instituted volume reduction programs.

- B e. The unit costs for disposal will increase as volume
f is reduced since the fixed costs associated with the
q disposal facility will have to be amortized over a
L* lower volume of waste.

%
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f. Generators that do not reduce waste volume will end
up paying a large percentage of the total cost of
operating a disposal facility.

On-site disposal of waste having low levels of contamina-
tion is a method for reducing the volume of waste requiring
off-site disposal.

2. VOLUME REDUCTION TECHNIQUES

The present method of testing depleted uranium penetra-
tors inherently generates large quantities of wastes. A
large amount of sand is subjected to contamination and even-
tually becomes waste that must be disposed off-site. Alter-
native approaches must be considered.

a. Firing Into Water

Figures 8a and 8b show two concepts that might be
used to dissipate energy and collect the penetrators. Both
are based on firing into water. The first approach (Figure
8a) uses an array of inclined armor plates to deflect the
penetrators, causing them to lose their energy in a pool of
water. The second method (Figure 8b) uses an inclined firing
range to allow penetrators to be fired directly into water.

Water represents an ideal method of collecting the
penetrators. First, the penetrators would undergo minimal
damage. Periodically, the penetrators would be collected
from the bottom of the pool for recycling. Very high re-
covery yield would be obtained. The penetrators would be
readily recycled. The water would become contaminated,
however, this contamination could be removed using filters
and demineralizers. The total quantity of waste that would
be generated would be at most 300 cubic feet per year.
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CANNON

. INCLINED TEST RANGE

Concepts for Firing into Water

Figure 8.

ARMOR

DEFLECTION PLATES
A. DEFLECTION PLATE METHOD
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Compared to a sand target generating about 600 drums of waste
per year (i.e., firing rate 50,000 rounds per year) or 4500
cubic feet, the potential savings in processing, packaging,
transportation and disposal could be as much as $200,000 per

year. The potential savings will increase as disposal costs
escalate.

b. Sand Target Modification

Firing the penetrators into water would involve
extensive modifications in the test facility. These modifi-
cations would be relatively expensive and would require
several years to implement. Figure 9 shows what might be
done to modify the present facility to reduce the quantity of
waste being generated and the quantity of waste requiring
off-site disposal.

As shown, a 6-foot diameter steel corrugated pipe
is used to segregate the sand into which the penetrators are
being fired from the bulk of the sand in the sand butt. The
pipe would have 2-foot diameter risers to allow the contami-
nated air to be drawn from the target area and into the
H.E.P.A. filters without contaminating the bulk of the sand
located outside of the target area. These risers would also
be used to fill the horizontal pipe with target sand. Vibra-
tors would be used to fill the horizontal pipe to the top.

An auger would be used to remove the sand from the horizontal
pipe after each firing cycle. The auger may be permanently
installed on the invert. Table 17 shows the volumes of sand
and the concentrations of uranium associated with each firing
cyéle of 25,000 penetrators.
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" TABLE 17. SAND VOLUMES AND URANIUM
CONCENTRATIONS - SEGREGATED SAND TARGET BUTT

o Butt Volume (at 15' x 18' x 30') 8,100 CF
ﬁ Volume in Pipe (6' Dia. x 30') 848 CF .
4 (3 At 2' dia. x 6') 56 CF
ia Volume per Firing Cycle 904 CF
% Volume per Butt Change 7,196 CF N
o Weight of Sand in Pipe (at 110 1lbs/CF) 99,400 1bs
Weight 25,000 Penetrators 16,520 1bs
x Weight Percent Depleted Uranium 14.2 %
§ Recovery of Penetrators (at 60.5%) 10,000 1bs
W Depleted Uranium Remaining 6,520 lbs
% Weight Percent Uranium 6.2 %
X
'y c. Operational Aspects
x
.? Figure 10 illustrates how future operations would be
:: conducted using the segregated sand butt approach. The
v operations are described as follows:
3;
- (1) Each firing cycle would consist of 25,000
;S penetrators having a total weight of 16,250
% pounds or 2.5 curies of uranium.
B
ﬁ (2) The penetrators would be fired into the cen-
? tral target butt core and penetrators, and the .
% 900 CF sand would be removed by augering after
0 each firing cycle. N
g (3) The 99,500 pounds of sand and 16,500 pounds of
ﬂ uranium would be sieved to recover about

‘4 10,000 pounds of depleted uranium.
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" (4) The recovered uranium and associated sand will

be shipped to uranium manufacturers for re-
B cycle in about 32 16-gallon inerted drums.

g (5) The sand passing through the sieve will be !
processed and placed in 124 55-gallon drums
and shipped to a commercial disposal site.

- e
e

(6) The target butt core will be refilled with new 4
sand for the next firing cycle.

-

(7) The uranium concentrations of the sand outside ‘
of the target pipe will be monitored. When
the maximum concentrations approach 3,000 j
picocuries per gram, the entire sand butt and \
corrugated pipe will be replaced.

e
N A P

L gy

R

(8) The number of firing cycles between target
s butt replacements is expected to be greater
i than the four shown on Figure 10.

(9) Upon replacement of the entire sand butt, the
contaminated sand will be mixed with cement
and casted in high density cross linked poly-

A ethylene containers for burial on-site at

Eglin AFB. The corrugated pipe will be cut

: into 6-foot sections and placed into the .
% containers with the solidified contaminated
¢ sand. - )
!
d The size of the horizontal pipe has been arbitrarily
: selected to be 6 feet in diameter. 1If a smaller pipe can be

used, the quantity of sand requiring off-site disposal can be

}

reduced.

. a e s e
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3. PROCESSING AND PACKAGING

The uranium fragments will continue to be recovered
using the mechanical sieve. The material will be wetted to
control airborne contamination. The mixture of uranium
fragments and sand will be dried, placed in 16-gallon drums
and inerted with argon for shipment to a uranium manufac-
turer.

The sand passing through the sieve will be dried in the
rotary dryer, and any potentially pyrophoric materials will
be rendered non-pyrophoric. The material will be packaged
into strong tight industrial containers or drums and shipped
as LSA to a commercial disposal site or a Department of
Energy site, if a commercial site is not available.

4, ON-SITE DISPOSAL

The segregated sand butt volume reduction technique is
based on limiting the contamination of most of the sand to
allow it to be buried on-site under a license granted under
10 CFR 20.302 (i.e., < 3,000 picocuries per gram insoluble,
<1,000 picocuries per gram soluble).

Because of the extremely long half life of uranium 238
(i.e., 4.5 x 109 years), a high integrity container and a
leach resistant waste form is recommended. It 15 proposed to
solidify the contaminated sand with cement and place the
mixture in containers of the type shown in Figure .1. These
containers will be made of high density cross linked poly-
ethylene. This is the material used for construction ot high
integrity containers. The containers are expected to have 4an
effective life of at least 300 years in a burial environment.
Containers of this type may well have a life of 1000 to 5000
years. In addition, the contaminated sand will be solidified
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with cement using a water to cement ratio in the range of
0.35 to 0.4. This will provide a waste form with extremely
low permeability (i.e., < 10'8 cm per sec) and with a high
leach resistance (i.e., leaéhability index > 7.0). The
objective is to provide a waste form that will remain at
least 1000 years in a burial environment without any signifi-
cant deterioration. When deterioration of the waste form
starts, it is expected to degrade gradually and to expose its
contents over a period of at least 1,000 years.

The hexagonal shape of the disposal module was selected
to provide waste packages that can be nested into a closely
packed array as shown in Figure 12. .This provides a struc-
turally stable base that will minimize subsidence and provide
support for a protective cover. As shown on Figure 12, the
protective cover will consist of:

a. Earthen backfill to shape the cover
b. Gravel/bentonite infiltration barrier
c. Gravel drainage layer

d. Cobble/rubble biointrusion barrier

Earthen cover with native vegetation.

The cost of disposal using the disposal modules will be
less than the present cost and very much less than the future
cost of off-site disposal. Table 18 is a summary of the
estimated cost of disposing of contaminated sand from one
sand butt change (i.e., 7,980 CF) in 28 285-cubic foot dis-
posal modules. -

5. LICENSE APPLICATION

Appendix E contains a proposed application for a license
amendment to allow on-site disposal of contaminated sand at
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TABLE 18. ON-SITE DISPOSAL COST ESTIMATE*
(7,980 CF Contaminated Sand)

Container Cost 28 at $2500 Each $70,000
Concrete 1:2.5 Mix, 0.4 WC 15,960
Labor and Equipment Rental 8,620
Trench Clearing and Excavation 4,680
Placement of Waste in Trench 700
Trench Backfill and Cover 30,500
Total Cost $130,460
Unit Cost $16.35/CF

*Does not include siting studies, environmental report,

safety analysis and license application

Eglin AFB. The application would be made under 10 CFR 20.302.

This appendix contains a summary of the data compiled
relative to the physiography, climate, hydrology, hydrogeologic
setting, and hydrogeology of the proposed disposal site at
Eglin AFB. Using information on the geochemistry of uranium,
possible release scenarios and volumetric dilution ratios, a
model is used to estimate the maximum dose result from the
chronic ingestion of uranium over a fifty year period.

6. HEAVY METAL TEST FACILITY

In the next few years a heavy metal test facility will
be constructed at the test site at Eglin AFB. This facility
will be used for research, development, test and evaluation
of depleted uranium and other high density munitions. Pene-
trators of new designs will be fabricated at the facility. A
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test range will be available for testing these penetrators.
. It is planned to fire the penetrators into armor plate fol-

7# lowed by fiberboard to collect the fragments and provide data
% on the dispersion of fragments. The following depleted
g uranium wastes will be produced at the Heavy Metal Test B
. Facility.
A
-E a. Cuttings, turnings., and chips '
L b. Grinder dust
) c. Fabrication scrap
:; d. Reject penetrators
! e. HEPA filters
{; f. Contaminated armor plate
o g. Contaminated fiberboard target materials
1
}ﬁ There are several methcds by which the volume of waste
il can be reduced. These will include:
a. Oxidation of cuttings, turnings and grinder dust
:g b. Recycling of scrap and reject penetrators
! c. Decontamination of armor plate
; d. Incineration of fiberboard target material
K
% The resultant wastes can be consolidated with the waste
VE generated in the large scale testing of depleted uranium
‘% penetrators.
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B SECTION VII

:g EVALUATION AND RANKING OF ALTERNATIVES

1‘ o

A

0!

i

. 1. TECHNOLOGICAL STATUS AND RISKS

i

% ) The alternatives presented in Sections III, IV, V, and

g V1 of this report are being used or have been demonstrated
with few exceptions. The areas where further research and

ﬁ‘ development would be required are discussed below.

.

[

é a. Processing of Potentially Pyrophoric Uranium

L\

4 Metal

KN

\

r

iy Section II.3 and Section IIl.l.a discuss the con-

vy

Q siderations involved in making the waste non-pyrophoric and

' the savings that can be made by classifying the material as

o low-specific activity radioactive waste rather than as a

%

W pyrophoric material requiring inerting and shipment in Type A

¥

g_ containers. The ability to render the waste non-pyrophoric

: by heating can be demonstrated with a few relatively simple

$ and inexpensive experiments. The more difficult part of this

;ﬁ task will be modifying the existing regulations to create a

S

‘% classification for Uranium Metal Non-Pyrophoric.

[Us

ﬁl b. Volume Reduection Methods

R

L5

Q , Section V1.2 describes methods by which the volume

. - of waste and the volume requiring off-site disposal could be

2 reduced. None of these methods is now in use, and research

and development work would be required to develop facilities
that would make it possible to fire the penetrators into
water. The segregated sand butt is less developmental and

"-!‘,--@’
=K

it

could be tried with minimal investment using the existing

P "“U"""ti:‘?
!
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facilities. However, it will require some time to determine
the merits of this system.

Other methods of volume reduction should be investi-

gated because of the significant savings that can potentially
be made.

c. On-Site Disposal of Contaminated Sand

The techniques for on-site disposal of contaminated
sand have not actually been demonstrated. The proposed
polyethylene mold and disposal module would use fabrication
methods similar to those used for the high integrity con-
tainers manufactured for low-level waste disposal. The
methods proposed to create a highly leak resistant waste form
represent a minor extrapolation of present practices.

There is little risk associated with the on-site
disposal of sand having low-levels of contamination. First,
the concentrations for insoluble uranium would be limited to
3,000 picocuries per gram (1,000 picocuries per gram for
soluble material) which is the value allowed by the Nuclear
Regulatory Commission. Secondly, the use of the polyethylene
form combined with a highly leach resistant waste form will
limit any possible release and exposure to any individual to
a fraction of that allowed.

d. On-Site Disposal of All Waste

The disposal of all waste on-site would require the
use of engineered disposal facilities. There are no engineered
disposal facilities in the United States. Each of the alterna-
tive concepts presented has features that will require some

" development work. In addition, Eglin AFB is not the place to

demonstrate new low-level radioactive waste disposal concepts.
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Since the cost of on-site disposal using engineered facili-
ties exceeds the cost of off-site disposal, the risks far
exceed the benefit, and on-site disposal of all waste should
not be given further consideration.

2. ECONOMIC CONSIDERATIONS

. With respect to disposal of the current waste inventory, -
disposal at a commercial burial site as soon as possible is
considered to be the only viable alternative. Virtually all
of this waste exceeds the concentrations that might be dis-
posed of on-site. Tests have indicated that it is not prac-
tical to remove additional uranium to the point that on-site
disposal would be possible. At this time, the cost of process-
ing, packaging, transportation and disposal of the present
inventory will be approximately $1,280,000. This amount can
potentially be reduced by as much as $250,000 if the material
can be shipped by rail as low specific activity material.

This will be a one-time effort. Because of the escalating
cost of burial, the cost of disposal for the present inven-
tory could increase as much as 50 percent in the next few
years.

The long term cost of disposal will depend upon what can
be done to reduce the volume of waste generated and the
volume of waste requiring off-site disposal. If a water
target can be developed, waste generation can potentially be
reduced to about 300 cubic feet per year. The annual cost of
disposal would .initially be about $15,000 per year and would
probébly escalate to $60,000 at the end of 10-years (i.e., 15
percent per year). The 10-year disposal cost would be $350,000.

With the segregated sand butt and firing 50,000 penetra-
tors per yvear with eight firing cycles per year, the waste
generation for a 10-year period is shown in Table 19.
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TABLE 19. WASTE GENERATION USING SEGREGATED SAND BUTT

Fragments to Sieved Butt Total
Year Manufacturers _Sand Changes Volume
(CF) (CF) (CF) (CF)
1 160 1860 - 1860 °
2 160 1860 - 1860 :
3 160 1860 - 1860
4 160 1860 8000 9860 .
S 160 1860 - 1860
6 160 1860 - 1860
7 160 1860 - 1860 !
8 160 1860 8000 9860 |
9 160 1860 - 1860 !
10 160 1860 - 1860
Totals 1600 18,600 . 16,000 34,600

Based on an initial overall disposal cost of $50 per |
cubic foot (processing, packaging, transportation and dis- |
posal), disposal of all waste at commercial sites, and es-
calation at the rate of 15 percent per year, the disposal i
costs over a l0-year period are shown in Table 20.

TABLE 20. DISPOSAL COSTS WITH SEGREGATED SAND BUTT

Disposal Disposal Annual
Year Cost Volume Cost
($/Cf) (CF) (3

1 $ 50.00 1,860 S 93,000 .
2 57.50 1,860 106,950

3 66.13 1,860 123,000

4 76.04 9,860 749,750 .

5 87.45 1,860 162,660 -
6 100.57 1,860 187,060

7 115.65 1,860 215,110

8 133.00 9,860 1,311,380

9 152.95 1,860 284,490

10 175.90 1,860 327,170

Totals - 45,760 $3,560,570
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The current practice of recycling the sand and changing
the sand target butt after each 100,000 penetrators results
in the following volumes of waste and disposal costs, shown

o on Table 21.
y TABLE 21. WASTE VOLUMES AND DISPOSAL COSTS
vy WITH PRESENT SAND BUTT
Disposal Waste Annual
Ch ‘ Year Cost Volume Cost
g (8/CF) (CF) (%)
i
i 1 $ 50.00 -
e 2 57.50 8,000 $ 460,000
e 3 66.13 -
Vi 4 76.04 8,000 608,320
W 5 87.45 -
i 6 100.57 8,000 804,560
A 7 115.65 -
e 8 133.00 8,000 1,064,000
9 152.95 -
&E 10 175.70 8,000 1,405,600
i Totals 40,000 $4,342,480
o
,{  The cost of disposal using the segregated sand butt can
&é be further reduced by burying the 8000-cubic feet of sand
&? generated every 4 years on-site. Assuming a current cost of
‘3@ $20 per cubic foot and a cost at year 4 of $30.42 and year 8
I of $53.20 (i.e., escalation at 15 percent per year), the
;ﬁ: . burial cost for this 16,000 CF of waste would be $668,960.
¥
%& This compares to a cost of off-site disposal of $1,672,320.
) This shows that the cost of disposal can be reduced by just
gt ) over $1,000,000 by disposing of the contaminated sand at
1)
ﬁg Eglin AFB. This would reduce the 10-year disposal cost to
%ﬂ about $2,500,000. However, these savings would be reduced by
¥
b future monitoring and administrative costs after closure of
3& the facility.
YN




As previously discussed, the recycling of penetrator
fragments has little effect on disposal costs. Over a 10-year
ﬁ period, the savings in disposal costs would be about $186,000.

. 3. ENVIRONMENTAL IMPACTS

N The processing of waste for off-site disposal results in
R little if any environmental impact on Eglin AFB. The process-
; ing operations can be closely controlled to virtually elimi-

Yy nate any airborne spread of contamination. No residual

Y, uranium remains to enter soil.

The on-site disposal of the contaminated sand is not
expected to produce any adverse environmental impacts. The
waste would be securely packaged into the disposal modules.
The modules are designed to retain the waste for hundreds of
years and thereafter to limit the release of the material at
; rates that will have nearly undetectable effects on the
4 environment.

* 4. COMMITMENT OF RESOURCES

The future management of waste generated in the testing
Ky of armor penetrators will involve the commitment of signifi-

cant resources. Resources will be required to implement some
combination of the following alternatives.

I

& .
b

§ a. Major modifications in the test range which will

o M

ﬁ, significantly reduce the quantities of waste gener-

? ated.

9 b. Minor modifications in the test range to reduce

y!

i

quantities of waste generated and quantities re-

]

quiring off-site disposal.
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c. Licensing, censtruction and operation of an on-site

_ disposal facility to allow disposal of contaminated
l;){‘e - ]
jﬁﬁ sand at Eglin AFB.
v-3 e
&{ 4.‘4 'Y
B
il d. Continue the present operation and bear the escalating

costs of disposal at commercial disposal facilities.

RH X . The commitment of resources over the next 10 years under
the last alternative will be about $4,500,000. This clearly
indicates that some form of volume reduction is necessary to

éﬁ{ more effectively utilize financial resources.

i |

gﬁﬁ The personnel resources of the Air Force are most effec-
E% tively utilized through the continued use of off-site dis-
§2j posal of all waste. The primary mission of the Air Force is
}%} the research, development, test and evaluation of weapon

k%' systems. Involvement in waste disposal diverts personnel

it resources from their primary mission. The primary objective

Qa should be the development of facilities that will reduce the
volume of the waste to a level where the cost of off-site

U "G

féﬂ disposal will be reasonable. If volume reduction can be

3‘ achieved, this will also eliminate the need for any on-site
‘ﬁﬂ disposal at Eglin AFB. This will relieve the Air Force from

any long term commitment for the monitoring and custodial
A care of such a facility.
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§h5 APPENDIX A

iws ON-SITE DISPOSAL CONCEPTS

i{i DESCRIPTION AND COST ESTIMATES

;".":‘ - 1.  GENERAL

K

%@ﬁ Eight (8) disposal unit concepts were selected for pre-

:ﬂ&: liminary design and preparation of cost estimates. They are:
N shallow land burial, aboveground vaults, aboveground vaults

3%% with earthen cover, belowground vaults, mounded concrete

ﬁgﬁ bunkers, disposal trench with concrete canisters, disposal

ggj trench with pipe caissons, and augered caissons. It is as-

gg sumed, that three disposal units will be constructed the

gﬁﬁ first year to dispose of the current inventory of 3500 55-
3&% gallon drums. Thereafter, one (1) disposal unit designed to
§§$ contain 1100 drums will be constructed each year for 20

o years. The total number of disposal units constructed will

372 be 23 which are designed to hold a total of 25,500 drums

MO containing a total of 191,250 ft® of contaminated sand.

g

nf- Two (2) alternative operating concepts utilizing con-

5?: crete canisters are also described in this report. 1In these
hi alternate operating concepts, the concrete canister is used
'&? for interim storage of drums or contaminated sand for 4 years,
ot and then the 4-year inventory of concrete canisters are

aﬁﬁ , buried in one disposal unit. The total number of disposal

;§ﬁ3 units constructed will be six which are designed to hold the
ﬁ% same number of -drums or contaminated soil as stated above.
o 2.  DISPOSAL UNIT DESCRIPTION

ol

gﬁﬁ The following is a brief description of each disposal unit

E; concept, and the design features of the various concepts are
:':?;

1 L

R
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described and compared to shallow land burial. Table A-1
summarizes the design features of each disposal unit concept.

a. Shallow Land Burial

The shallow land burial trench, Figure A-1, is
approximately 18 feet wide by 100 feet long by 19 feet deep
and is designed to contain 1100 55-gallon steel drums stacked
three high. The land around each trench will be cleared and
the trench will be excavated. The bottom of the trench will
be graded to provide at least a 1 percent slope toward one
end for drainage and a drain sump will be placed at the low
end. A layer of gravel with a compacted clay surface will be
placed on the trench bottom to allow for drainage and the
passage of drum handling equipment. Once the trench is dug
and the bottom prepared, the trench will be filled with
55-gallon steel drums. The spaces between the drums will be
backfilled with gravel to allow for drainage and to minimize

subsidence of the trench cover.

The trench cover is an engineered structure which
is designed to minimize surface water infiltration into the

disposal trench. The cover consists of six functional layers

of material which are sloped 6 percent to increase runoff and |
minimize infiltration. The 2-foot thick compacted clay ?
infiltration barrier provides a continuous barrier over the

entire waste disposal area. A sand/gravel drainage filter -
layer is placed over the clay infiltration barrier to provide

drainage. The .sand layer functions as a filter to minimize

the intermixing of the coarse gravel with the finer clay

material. The sand layer also retains sufficient moisture at

the infiltration barrier surface to prevent dehydration and

subsequent cracking of the barrier which could potentially

reduce its effectiveness. The 2-foot thick layer of cobble
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e forms a bio-intrusion barrier for protection of the clay

gt infiltration barrier from deep rooting plants and burrowing
Q@ﬁ animals. Above the cobble layer, a sand/gravel grade filter
ﬁ%_ layer is placed to minimize silting and root penetration into
?Tﬁ the cobble. The sand layer of the graded filter will also
G ° provide a lateral transport path for moisture to flow away
‘xét from the trench area by means of the wick effect. The graded
;ﬁh‘ . filter layer drains to the drainage trenches, which border
Q%, the disposal trench, and permit moisture to flow away from

the disposal trench area. A 1.5-foot thick earth cover

%k; overlays the graded filter layer. The earth cover is suf-
i%ﬁ ficiently thick to provide for freeze/ thaw protection to the
;ﬁ%_ deeper layers. Also, the thick earth cover provides suf-

aj. ficient water storage capacity for the needs of the vegeta-
ﬁ?? tion vhich control erosion of the trench cover. Surface

ﬁﬁ%\ runoff from the cover is collected in trench drains which

:ﬁ{; border the cover. The drains move the water from the trench

area and lead to diversion ditches which control surface
water flow for the complete disposal site.

During the 20-year site operating period, the 23
shallow land burial units will be constructed in two parallel
rows. With a 6 percent slope to the cover, the area required
for each shallow land burial unit is 285 feet by 360 feet.
Using a 20-foot separation between burial unit covers to

- allow for site drainage, a site buffer zone of 200 feet, and
;ﬂé' . a 200 feet, separation between rows, the complete site area
LRI .

fﬁ: will be 1320 feet by 4000 feet or 121 acres.

0 v

,’::".\ v

-~ N b. Aboveground Vault

¥

LI\

l‘

ﬁ? The aboveground vaults, Figure A-2., are constructed
W .

) from reinforced concrete. They are designed to withstand the
B forces due to natural occurrences such as hurricanes, tornados,
t:'qu‘

o

ét‘:t,,:

’a:f(q‘

97

T

,‘l\; .

."::u}

Tty A AN Pt BT RGR R TN A ST IENE RN R SRR S PN A L
u':‘li"i’:ﬁ'..“h\‘:5,|°.Eﬂ;:{';‘.‘ah"h‘:&\.:r Aty "q&?}{l‘.’i, ,‘:‘,h P At !I,l,').",‘i ) ‘3’"0 " AR A%y, !!»,",A.-!t‘, ;‘!&: ?ty ,l(‘( RN IR LSS At B L :.;“‘ad',«é‘,



» .
e

iy

o
L e

S

T
RS

) i
g i
i g

H

3 Figure A-2. Above Ground Vault

ol

«

P RSl

98

e

.

L RN, Re!

A WO Nt ot WAL \ , YA Y RN
AN T it e R e R A e et gt



and seismic events. Each vault is approximately 17 feet wide

by 94 feet long.by 9 feet high and will hold 1100 55-gallon
steel drums.

The site area will be cleared and graded, and ,
trenches for the vault footings and sumps will be dug. The
complete vault structure consisting of footings, floor slab,
walls, and roof will be cast in place in order to keep the
number of joints to a minimum, and to provide a fixed struc-
ture which is able to withstand all lateral forces. The
floor will have a central drain leading to-a monitoring sump.
The vault roof will be sloped 1/8 inch per foot, and collec-
tion gutters will be formed into the long sides of the roof
to allow for drainage. 1t is anticipated that the drums will
be placed in the vault with a fork lift. After all the drums
are placed in the vault, the vault will be sealed by grouting
a door slab in place. The common wall between vaults will be
sufficiently thick to support both roofs, and as one wall and
roof are cast, reinforcement will protrude from the wall to
permit attachment of the othef roof at a later date. 1In this
manner, a row of vaults can be continuously formed throughout
the site operating period. Twenty-three vaults will be
constructed. With a site buffer zone of 200 feet, the conm-
plete site area will be 500 feet by 825 feet or 4.5 acres.

Aboveground vaults offer several advéntages over shallow
land burial as a means for disposal of low-level waste. The
waste drums are more readily retrievable. Since the vaults
are at grade level, ground water intrusion does not present a
problem. Surface water can be diverted from the vault area.
The physical condition of the vaults is visually observable,
and repairs to the structure can be easily made. Also the
vaults require less land area than shallow land burial.
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'é"‘ .
G The main disadvantage of aboveground vaults for
" very long term storage or as permanent disposal units is the

k} question of the structural durability of reinforced concrete.

gﬁ Also, aboveground vaults are susceptible to external events

g which in the very long term could lead to the possibility of .
y the vault breaching and releasing its contents in a con-

ié centrated form. To overcome these disadvantages, an above-

g% ground vault with earthen cover is investigated. )

- c.  Aboveground Vault with Earthen Cover

: To convert the aboveground vault as described above
M .
e from a long term storage to a permanent disposal concept, an
?‘ y . ]
ﬁ% earthen cover is placed over the vault during the site closure
X . . . .
;%, period. The proposed cover, Figure A-3, is the same design
%@’ as described in the shallow land burial section of this
pal description.
LAY
o
¢§ During the operation period, the vaults are con-
[)
ﬁg structed and filled on a yearly basis as described above. At
2’8
v closure of the site, the area around the vaults is backfilled
T with native soil and the soil compacted. The six layered

¢

ag cover is then constructed over the vaults. French drains and
)
'}3 drainage ditches are also coanstructed to control surface
" \

R runoff from the cover. Using a 6 percent slope to the cover
e and a 200-foot site buffer zone, the complete site area will
)
ﬁg . be 1100 feet by 1425 feet or 36 acres. v
[
i
&\ The cover protects the vault from external events.
T, It also provides an additional barrier to radionuclide re-

ﬁ lease should the vault breach in the future. The vault/cover

1
w combination provides additional barriers to inadvertent human
“‘ ~. I3 * .
LY intrusion and to water infiltration. Also the vault minimizes
s potential subsidence of the cover.
le‘ ¥
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d. Belowground Vault

The belowground vault, Figure A-4, is similar in
concept to the aboveground vault with cover and provides many
of the same advantages. The site area is cleared and exca-
vated to accommodate a vault with inside dimensions of 17
feet wide by 94 feet long by 9 feet high. The reinforced
concrete footings, floor slab, and walls are cast in place.
Since the vault is open to the weather during its construc-
tion and filling stages, provisions for water drainage and
collection will be made by sloping the floor towards one end
and installing a collection sump at the low end. The vault
is filled with 1100 55-gallon steel drums stacked three high
by lowering them from the top using a small mobile crane.
After the vault is filled with drums, a lift slab reinforced
concrete roof is lowered in place, and all joints are grouted.
The vault is then covered with the six layer trench cover
described in the shallow land burial section of this descrip-
tion.

During the 20-year site operating period, the 23
vaults will be constructed in two parallel rows. With a 6
percent slope to the cover, the area required for each vault
is 285 feet by 360 feet. Using a 20-foot separation between
vault covers to allow for drainage, a site buffer zone of 200
feet, and a 200-foot separation between rows, the complete
site area will be 1320 feet by 4000 feet or 121 acres.

The belowground vault concept requires approximately
the same land area as shallow land burial. The vault struc-
ture provides an additional barrier to inadvertent human or
plant and animal intrusion, ground water infiltration, and
radionuclide migration. The belowground vault is less
visually obtrusive than the aboveground vault, and is less

el
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susceptible to external events. The vault also provides
support to the layered cover and minimizes the problems of
cover settlement.

The belowground vault requires more land area than
the aboveground vault concepts, and the waste is not as
readily retrievable. The vault is more susceptible to seismic
damage than shallow land burial. Also, the vault would be
susceptible to damage by corrosive soils.

e. Mounded Concrete Bunker

A concept similar to the mounded concrete bunker
design, Figure A-5, described in this report is currently
being used in France at Le Centre De La Manche for the dispo-
sal of low-level radioactive wastes. The concept is similar
to the belowground vault except that a vault roof is not
provided.

The site is cleared and excavated to accommodate an
open vault with inside dimensions of 17 feet wide by 90 feet
long by 6 feet high. The footings, floor slab, and vault
walls are cast in place reinforced concrete. As with the
belowground vault, the floor is sloped toward one end for
drainage, and a collection sump is provided. The 1100 drums
are placed with a small mobile crane. The drums are stacked
two high at the walls and up to four high in the center of
the bunker. Grout is poured into the void spaces between the
drums,- and a l-inch thick layer of gunite is sprayed over
the outer surface of the drums to form one solid waste mass.
The mass is used to provide support to the earthen cover.

The waste extending above grade level is backfilled with
native soil and compacted. The six layer cover, described
previously, is then formed over the bunker.
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The 23 bunkers constructed during the site operating
period will be placed in two parallel rows. With a 6 percent
slope to the cover, each bunker will require an area 485 feet
by 556 feet. Using a 20-foot separation between bunker covers
to allow for site drainage, a site buffer zone of 200 feet,
and a 200-foot separation between rows, the complete site
area will be 1700 feet by 6400 feet or 250 acres.

The mounded concrete bunker requires a shallower
excavation than shallow land burial or the belowground vault,
and it is therefore more suitable in areas which have a high
ground water table. Grouting the void spaces between drums
provides additional support to the layered cover. The con-
crete pad and walls make the mounded concrete bunker less

susceptible to ground water infiltration than shallow land
burial.

The mounded concrete bunker design requires the
largest site area of all the concepts considered. Special
drains must be constructed to prevent the bunker from filling
with infiltrating water. The bunker is more susceptible to
seismic events than shallow land burial, and the gunite layer
does not present a significant additional barrier to inadver-
tent human or plant and animal intrusion.

f. Concrete Canister

The concrete canister concept, Figure A-6, is used
in conjunction with the shallow land burial trench and six
layered trench cover described previously. Fourteen 55-gallon
steel drums are packaged in each concrete canister, and 79
modules are required to contain the yearly production of 1100
drums. The drums are placed in the concrete canisters and
grout is poured into the module to fill the void spaces
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between the drums and to secure the reinforced concrete
canister lid which is then placed on top of the module. The
modules can then be transported to the burial trench and
lowered into place, or the canisters can be used as interim
storage for several years' production of drums so that an
economy of scale could be realized. Cost estimates for both

alternatives are presented in this report.

The option of disposing the concrete canisters on a
yearly basis requires a burial trench 43 feet wide by 61 feet
long by 15 feet deep to contain 79 canisters. The current
inventory of drums requires three 43-foot wide by 69-foot
long trenches each containing 84 modules. The canisters are
lowered into the trench with a mobile crane, and the void
spaces between the modules are backfilled with gravel. The
six layer cover is then constructed over the burial tench.
The 23 concrete canister disposal units constructed during
the 20-year site operating period will be arranged in two
parallel rows. With a 6 percent slope for the cover, the
trench cover area for each unit is 310 feet by 326 feet.
Using a 20-foot separation between covers for drainage, a
200-foot site buffer zone, and a 200-foot separation between
rows, the complete site area will be 1250 feet by 4360 feet
or 125 acres.

Alternatively, the current inventory of drums can
be disposed of in one trench 43 feet wide by 172 feet long
containing 250 modules. The concrete canister can be used
for interim storage of drums. In this option, the contami-
nated sand is processed yearly, placed into 55-gallon steel
drums, and the drums placed and grouted into the concrete
canisters. The canisters are stored up to 4-years, and then
the 4-year inventory of canisters, 316, is buried in one
disposal trench which is 43 feet wide by 234 fzet long by
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15 feet deep. During the 20-year site operational period,
six disposal units are constructed. With a 6 percent slope
for the trench cover, the trench cover area is 310 feet by
500 feet. The six disposal units are arranged in a row with
a 20-foot separation between units. With a 200-foot buffer
zone around the disposal units, the complete site area will
be 900 feet by 2360 feet or 49 acres.

As an additional alternative, the contaminated sand
can be processed directly in the concrete canister. A special
concrete canister with a mixer blade assembly -is supplied.
Approximately 125 cubic feet of contaminated sand is placed
in the canister, cement and water are then added, and the
mixer turned on. The waste is thereby solidified within the
concrete canister. As in the previous alternative, the cur-
rent inventory of drums are placed in canisters and buried.
Then the yearly production of sand is solidified in the
canisters and the canisters are stored up to 4-years. Then
the 4-year inventory of canisters, 2064, is buried in one
disposal trench which is 43 feet wide by 186 feet long by 15
feet deep. Six disposal units are also constructed during
the site operational period. With a 6 percent slope for the
trench cover, the cover area is 310 feet by 450 feet. The
six disposal units are again arranged in a row with a 20-foot
separation between units. With a 200-foot buffer zone around
the site, the site area will be 850 feet by 2360 feet or 46

acres.
Grouting or solidifying the waste within the con-
- ’ crete canister fills the void spaces and creates a solid con-
é; crete monolith to support the trench cover. The canister
Ko . o . .
Kl provides additional barriers to ground water and to inadver-
fi: tent human or plant and animal intrusion. The canisters will
3? form a tightly packed array within the trench, and the cani-
t's C . .
‘Qk sters are better able to resist seismic events than solid
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i monolithic vaults. The canisters are retrievable and easily
0o identified. The waste within the canister will remain iso-
!.‘ i . .
Qﬁt lated even if erosion or mass earth movement uncovers the
P .
454 disposal trench.
R
) ')
: 1
ne; The concrete canister concept requires a larger and
) ] ]
ﬁ? deeper trench than shallow land burial. Also burying concrete
bt ;
MW . . . . . -
}5’ canisters on a yearly basis requires a slightly greater site |

area than shallow land burial.
\

|
\
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R g. Concrete Pipe Caissons }
)
ﬁ? |
¥ t.‘ . . . . P }
iy The pipe caisson concept, Figure A-7, is similar to
. the concrete canister design in that the drums are placed and |
ﬁ% grouted within a reinforced concrete culvert. The site is
fi} cleared and a 26 feet wide by 90 feet long by 15 feet deep

X trench is excavated. The trench design is the same as the
one described for shallow land burial. For a yearly produc-

i
-

§ﬂ tion of 1100 drums, 31, 8-foot diameter by 15-foot high

%% concrete culverts are required. The culverts are lowered

&J. vertically into the trench, and a 6 inch thick layer of grout

o is poured into the bottom of the culverts to form a base.

éﬁ The waste drums are lowered into the culverts and are stacked

§4, four high. Grout is then poured into the culverts to fill

N the void spaces between the drums and to form a solid cover

9 on top of the drums. Gravel is used to backfill the spaces

;,? * between the culverts, and the six (6) layer cover is con- 1
P structed over the disposal trench.

Sy '

fir With a 6 percent slope to the trench cover, the )
%" cover area for each trench is 292 feet by 356 feet. The 23

ﬁﬁ trenches constructed during the site operating period are

ﬁﬁﬂ arranged in two parallel rows with a 200-foot separation

g:’ between rows. Using a 20-foot separation between the covers
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to allow for site drainage, and a site buffer zone of 200
feet, the complete site area will be 1300 feet by 4150 feet
or 124 acres.

The pipe cassion design offers many of the same
advantages as the concrete canister concept. Additional
barriers are provided to ground water infiltration and to
human or plant and animal intrusion. The grouting of the
waste forms a concrete monolith which supports the trench
cover. The caisson also resist seismic events, and will
isolate the waste even if erosion or mass earth movement
uncovers the disposal trench.

The standard pipe caissons are not suitable as
interim storage contéiners since they lack a top and a bot-
tom. Adding special tops and bottoms would be both difficult
and costly, so the options of utilizing the pipe caissons as
storage containers as was done with the concrete canister was
not pursued.

h. Augered Caissons

The use of augered caissons, Figure A-8, for the
disposal of defense low-level radiocactive waste is currently
being investigated at the Department of Energy's Nevada test
site. A design similar to the DOE concept is described in
this report. The site is cleared and graded, and the loca- “
tion of the 7-foot diameter auger holes are surveyed on
1l4-foot centers. Concrete forms which correspond to the
auger hole diameter are placed at the auger hole 19cations,
and a six-inch thick reinforced concrete pad is poured. The
pad supports the weight of the auger and drains surface water
away from the holes. For a yearly production of 1100 drums,
40 auger holes are required. The holes are arranged in four

rows by 10 holes long. The concrete pad is 63 feet wide by
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154 feet long. The holes are augered to a depth of 15 feet,
and the holes are lined with corrugated steel pipe to keep
the walls from collapsing. The bottom of the hole is packed
with gravel and concrete to form a base. The drums are
lowered into the holes by a small mobile crane, and the void
space between the drums are filled with grout. A concrete
cap is then poured in place to seal the hole.

During the 20-year site operating period, 23 63-foot
wide by 154-foot long concrete pads will be constructed. The
pads will be arranged in two parallel rows with a 200-foot
separation between rows. With a 20-foot separation between
pads and a 200 site buffer zone, the complete site area will
be 910 feet by 1420 feet or 30 acres.

The use of augered caissons requires a small site
area, and lends itself to intermittent operation due to the
short operating period for individual holes. The concrete
cap is a barrier to inadvertent human or plant and animal
intrusion. Filling the auger hole with grout isolates the
waste from ground water and prevents the migration of radio-

nuclides.

The concrete pad is subject to external events and
will require regular maintenance throughout the site opera-
ting and institutional control periods. The auger holes and
concrete pads are also susceptible to damage from seismic .

events.
3. PRELIMINARY COST ESTIMATES

Cost estimates were prepared for each of the on-site
disposal concepts described in this report. The costs for

construction of each disposal concept and for the site

b . 114

-...,, .-- . RIS RS TN Y b S St N T ANl
L EY 4’\ -('.' (.4' Ry . « 4‘ x \-'
\"“““0" iAhJ‘" !,l.! WX, ‘q&;‘ll“‘ ‘.".l $ $ AN oy J 1% . I \ \.\ '('\{ .(‘ 1' 'ﬁf f“ ).‘-v \-('4 !‘ \ o




3

=

4,4

fyiny

! ."

et . . .

gt preparation of each concept were estimated using general con-

struction industry. averages, and the averages used might not

.;':

ﬁﬁ. reflect the actual material, labor, and equipment rental

vy . . .
g& costs encountered in the Florida panhandle area. Costs which
'y

:ﬂ; are unique to siting, operating, and maintaining a low-level
e . radiocactive disposal facility were developed from several

2 4 studies referenced at the end of this report. These costs

Eﬁ . are typical, and again they might not reflect the actual cost
fﬁ& for Eglin Air Force Base operating its own disposal site.

e For the above reasons, the estimates are useful only for com-
“ . ‘ » 3 3 . e

sﬁ' parative purposes in evaluating the different disposal con-
'ﬂhi cepts and for selecting the concepts which Eglin Air Force

(X

:Eg Base wishes to develop further. The total cost and cost per
’ unit volume for each disposal concept are summarized in Table
'I A3

$?Q A-2. Four main categories comprise the total cost, they are:
kR , . .

?ﬂj first year direct cost, 20-year operating cost, site closure
AT . . . ,

Wy cost, and 100-year institutional cost. All costs are given

in constant 1984 dollars.

» HJ -
BN :‘:‘:‘a.. Nk,

el a. First Year Direct Cost
e
'§ .
AR
»{ The first year direct cost includes the material
NN
$y and labor necessary to site and construct the disposal facil-
af, ities. The items which comprise the first year direct cost
yh '
ﬁh for each disposal concept are given in Table A-3. It is
. assumed in the estimate that the costs for site selection and
:~ﬁ environmental impact studies are the same for all the dis-
[ 20
ﬁg posal options. Also, it is assumed that 1 year of project
\} .
ﬁ& administration will be required for all the disposal concepts.
— ¢ Since the disposal units will not operate continuously through-
a'?’ 4“ . 7 N
Sl out the operating years, the estimate assumes that all equip-
éA; ment used to construct and operate the various disposal
[ 4,
{g' concepts will be leased.
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: TABLE .A-2
: OVERALL DISPOSAL COSTS

g, ($ X $1,000)
‘ [ 8
3 .
First Twenty

., Year Year Site Institutional ) Unit
S Direct Operating Closure Control Total Cost )
; Cost Cost Cost Cost Cost Per Ft?
) Shallow Land Burial $2,035 $5,204 $ 55 $4,086 $11,380 $59.50
o Above Ground Vault 1,549 2,058 41 4,016 7,664  40.07
i
‘ Above Ground Vault/
. Cover 1,560 2,064 2,273 3,454 9,351 48.89
+
g Below Ground Vault 2,067 5,399 55 4,086 11,607 60.69
)
f Mounded Concrete
n Bunker 3,450 13,858 65 5,020 22,393 117.09
)

Concrete Canister 2,650 8,835 56 4,144 15,685 82.01
4
5 Concrete Canister
4 Alt. 1 2,197 5,325 48 3,495 11,065 57.86

Concrete Canister

g Alt. 2 2,197 4,893 48 3,470 10,608  55.47
¢ .
4 Pipe Caisson 2,293 6,682 55 4,117 13,147  68.74
[\
4
& Augered Caisson 1,943 4,591 48 3,851 10,433 54.55
[}
.
K1
\‘
Y]
L]
§]
1
!
L]
Kw
1
%)
i
N
y 116
o
8 . . i s | Y e o SR N R
B R R R R S L R AT P ATl R T TS T R e Tt R e RO R P




5

ﬁﬁ;

‘:" K

E@T TABLE A-3. FIRST YEAR DIRECT COST I1ITEMS
Y

RN

e 1.0 PREOPERATIONAL COSTS

Y

&3ﬂ o Site Selection: $500,000

> o Environmental Impact Studies: $700,000
2.0 OPERATIONAL COSTS
2.1 Land Preparation

o Site road with drainage ditches, $5.22/Ln.Ft.
o Site perimeter fence. Galv. steel 6' high, 3

vy strand barbed wire, $8.00/Ln.Ft.
Y]
h%? o Site boundary wells, 10 wells per site, $1,240
$$" each. :

#
oo o Site air monitors, 4 per site, $1,115 each.
ag 2.2 Disposal Unit
E0s o Disposal unit construction
X :t o Unit drainage ditches, $4.00/Ln.Ft.
e o Surveyor, $60/hour, 8 hours/unit
ragt o) Corner stones and monuments, $120/unit
2 o Stand Pipes, $425/unit
Pl
> o Site monitoring wells, 1 well per 2 units,
Ry $620/unit
J 2.3 Administration
ggﬁ o Project Leader $ 55,000/year

'g o) Senior Engineer 35,000/year
auﬁ o Engineer 25,000/year
;w_ $115,000 for one (1) year.
?* 2.4 Engineering Design
ié; o Site and disposal unit design
@ﬁ! o .Inspection
— ‘. o Contract Management
ety .
59 (Total Cost = 10% of item 2 plus 3% of item 3)
§
ey
L) !
!‘::ls'. 1
1".“'!
e
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b. Twenty-Year Direct Operating Cost

The direct operating costs consist of labor, mate-
rials, and supplies required to operate and maintain the dis-
posal site during the 20-year operational period. The items
and yearly costs which comprise the 20-year direct operating
cost are shown in Table A-4. The environmental monitoring
plan which is the same for all the disposal options, and the

cost in the twenty-first operating year is given in Table A-5.

TABLE A-4. TWENTY-YEAR DIRECT OPERATING COST ITEMS
(20 YEAR OPERATING PERIOD - YEARLY COST)

OPERATION & MAINTENANCE

o Site roads and drainage ditches, 10 percent of initial
cost per year.
o Site fences, 5 percent of initial cost per year.
o} Vegetation management, 10 percent of initial cost per
year.
o Equipment Replacement, 5 percent of initial cost per
year.
*0 Concrete repair, 1 percent of initial cost per year.

DISPOSAL UNIT

o Disposal unit construction
o Seed, $1,020/acre
o Unit drainage ditches, $4.00/Ln.Ft.
o Surveyor, $60/hr, 8 hrs/unit
o Corner stones and monuments, $120/unit
o Stand pipes, $425/unit
o Site monitoring wells, $620/unit
ADMINISTRATION
o Project Leader $ 55,000
o Senior Engineer $ 35,000
o Engineer $ 25,000
$115,000 x Unit const. time
(weeks)/52.

*Concrete repairs to above ground vault and auger caisson
pad.
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TABLE A-5.

ENVIRONMENTAL MONITORING COSTS

(20-YEAR OPERATING PERIOD - YEARLY COST)

Laad ana ol 1)

Number Unit Total
Sample Locations Type Frequency Cost Cost
External Gamma 20 Continuous Quarterly (during $12 § 480
operations)
Atmosphere 4 Continuous Weekly (during 165 7,920
operations)
Monthly (9 mos.) 165 5,940
Soil & Vegetation 5 Grab Quarterly 235 4,700
Boundary Wells 10 Grab Semiannually 200 4,000
Disposal area 12% Grab Quarterly 200 9,600
wells
Disposal unit 23%%* Grab Monthly 200 5,600%%%*
sumps
TOTAL: 21st Year: $38,240

L

Two disposal area wells are built in the first year and one well

300
?.':‘*?o. a0

per two years is built thereafter.
**  One disposal unit sump is constructed per disposal unit.

#%% Disposal unit sumps are surveyed on a monthly basis. Analysis would only
take place if water was determined to be present in a sump. Assume that
analysis takes place 10 percent of the time the sumps are surveyed.

Operation and maintenance costs include costs asso-
ciated with routine operation and maintenance of site grounds,
roads, and fences. Disposal unit construction takes place
once a year during the facility operation. Construction
operations include clearing away existing foliage, excavation
of the disposai trench, installation of stand pipes, drainage
ditches, disposal unit markers, and site monitoring wells.
Project administration costs are assumed to occur only during

the construction phase of each disposal unit.
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Site Closure Costs

b Closure activities involve the final preparation of
%‘ the disposal site for the institutional control period.
N These include remedial work to the site perimeter drains, and

an environmental monitoring program to insure that all radia-

o

.y

tion levels are at background. For consistency and compara-

tive purposes, it is assumed that no remedial work to the -

-

-

tud
-

i) disposal units themselves will be required. The items which
i comprise the site closure costs are shown in Table A-6.
o
i{ Operation and maintenance costs include costs asso-
ﬁ, ciated with routine operation and maintenance of site grounds,
‘U roads, and fences. Disposal unit construction takes place
ig once a year during the facility operation. Construction
i operations include clearing away existing foliage, excavation
jf of the disposal trench, installation of stand pipes, drainage
ditches, disposal unit markers, and site monitoring wells.
‘; Project administration costs are assumed to occur only during
:’ the construction phase of each disposal unit.
%
N d. Institutional Control Costs
)i
;ﬁ In this estimate, the institutional control period
Y is assumed to last for 100 years. For comparison purposes,
;q it is assumed that all the disposal concepts remain in a
fg stable condition throughout the institutional control period, .
,3 and therefore only caretaking and environmental monitoring
'f, activities need to be performed. The items which comprise
o the institutional control costs on a yearly basis are shown )
r* in Table A-7.
&

-
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By TABLE A-6. SITE CLOSURE COSTS

b FINAL GROUND PREPARATION

1.} o Perimeter drainage ditches remedial work, $1.80/Ln.Ft.
J‘ o Vault cover (aboveground vault with earthen cover only)
%,x * *ADMINISTRATION
;::' o Project Leader $ 55,000/year
;: S o Senior Engineer $ 35,000/year
X
f:!.,n, o Engineer $ 25,000/year
- $115,000/year one (1) year
;@? #ENGINEERING DESIGN
iy .
i‘:'.‘:. o Disposal vault cover design
'::;::: o Project management
"'}'s o Inspection
)
ehe
; \ ENVIRONMENTAL MONITORING
A
:‘.‘j ‘ Number Unit Total
o Sample Locations Type Frequency Cost Cost
s
:'.;-: External Gamma 4 Continuous Quarterly $ 12 § 192
"
93N
;t}’ Atmosphere 4 Continuous Monthly 165 7,920
N
:)' Soil & Vegetation 5 Grab Semiannually 235 2,350
LW
ety
"',‘i‘ Boundary Wells 10 Grab Semiannually 200 4,000
“‘ %
¢k3§ Disposal Site 12 Grab Quarterly 200 9,600
L Wells
e Disposal unit 23 Grab 10% Quarterly 200 1,840
‘I,sj . sumps
Lot CLOSURE YEAR TOTAL: $25,902
LS
Lol . -
N *Install earthen cover over aboveground vault.
L. :'_.-
15t
_:%
-n“
-
\ Y
b
t': 2

W
L)
2
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TABLE A-7. INSTITUTIONAL CONTROL COST
(100 YEAR CONTROL - YEARLY COSTS) \

SITE MAINTENANCE: !

o Site roads and drainage ditches, 10 percent of direct
cost per year.

Site fences, 5 percent of direct cost per year.

Vegetation Management, 10 percent of direct cost per .
year.
o Equipment replacement, 5 percent of direct cost per
year.
|
o *Concrete repair, 1 percent of direct cost per year. !

o Caretaker, $20,000/year.

SITE CARETAKER: l
ENVIRONMENTAL MONITORING !

Number Unit Total
Sample Locations Type Frequency Cost Cost
External Gamma 4 Continuous Quarterly $ 12 § 192
Atmosphere 1 Continuous Monthly 165 1,980
Soil & Vegetation 3 Grab Annually 235 705
Boundary Wells 5 Grab Semiannually 200 2,000
Disposal Site 6 Grab Semiannually 200 2,400
Wells
Disposal unit 23 Grab (10%) Annually 200 460 .
sumps
YEARLY TOTAL: $ 7,137
*Concrete repairs to aboveground vault and auger caisson pad. .
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EX APPENDIX B
ks ASSUMPTIONS USED IN ESTIMATING COST
o
§ OF PROCESSING, PACKAGING AND DISPOSAL
4
[

¥
P 1. LABOR RATES (Burdened)
A -
% a. Forklift Operator $ 26 per hour
' b. Common Laborers $ 21 per hour
" c. Mixer Operator $ 26 per hour
? d. Foreman $ 45 per hour
)
;.E; 2. EQUIPMENT RENTAL
W
; a. Cement silo and mixer $ 3,445 per month
| b. Compactor $ 37 per drum
{ 3.  EQUIPMENT PURCHASES
oy
. a. Electrical Heaters $44,000

b. Rotary Dryer & Filter $70,000
> 4.  MATERIALS
%' a. Cement $ 0.05 per pound
N b. Lime $ 0.08 per pound
- c. 55 gallon drums $ 25 each
o d. Overpacks $ 50 each
3 5 TRANSPORTATION
)
O

a. Eglin to Beatty, NV $ 4,809 per trip
!J.

6. BURIAL COST
Basic charge $ 17.85 per CF

a.
b. Inspection charges

|-

(1) Initial fee $ 1,000 |
1 - 5,000 CF S 3.50 per CF |
5,000 - 10,000 CF S 3.00 per CF

125
(The reverse of this page is blank)

P N T )

e

-’

s
L
9..“

- . A PURSTR SUNN O A ’
7y A KNS 33 MR L BT ER TR T s A0 AR Y =
f»'?’."ﬁi"""*‘ff"’ !""t%'*.u"", Bl «"‘1°‘fe‘*:s‘-°f«. ) ":":'7«" ’d‘f?t"a N ) ‘J‘fai”»gl'ﬁ‘éi‘?\‘k"i‘i‘ei\‘i.l'?.t"bl‘.’l‘f"'9' SEOUT a“’m‘!‘.‘f’t‘» b WY a‘?n‘. '-‘ni‘y'i‘.'a‘&ﬂ AN

»
»

I3



R
e;:

M
3
R APPENDIX C
24
': METHOD FOR ESTIMATING THE QUANTITY OF
', URANIUM IN MIXTURES OF SAND AND URANIUM FRAGMENTS
K
R NOMENCLATURE

N
B

}' VC = Internal Volume of Container (CF)

4 Vv = Void volume in container including unfilled and
%f interstitial voids (CF)

.’
§4 Vt = Total volume of solids (CF)
W
By
i v = Volume of uranium (CF)
!" u
X

('3

! Vg = Volume sand (CF)
N
et
K- v, = Volume test penetrators (iron) (CF)
-
“ Du = Particle density of uranium (1,168 1bs/CF)
i

K D, = Particle density of sand (165 1bs/CF)
ﬁ:

" Di = Particle density of iron (491 1bs/CF)
i

a!‘l b

N Wg = Gross weight of filled container

3

0 -

v w =

W, =
"

o Nu =
'y
X
5
K
’
b

“‘
K0
.,:t
Za\ (X

he

SOODI AN LA T Wt el T
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Weight of container

Weight of contents (i.e., total weight of solids)

Number of uranium penetrators in firing cycle
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N. = Number of test penetrators in firing cycle

MIXTURES OF SAND AND URANIUM FRAGMENTS

Ve Ve = Yy y
v, = Vg -V,
Wt = Wg - WC
W, = 165 v_ + 1,168 V
165 Vt = 165 Vs + 165 Vu
Subtracting

W, - 165 Vv_ = 1,003 Vu

t C
v, = (W, - 165 V)
1003
_ 1168
Wa = To03 (We - 165 Vp)
W o= 1.1645 W, - 192.14 V
u t t

MIXTURE OF SAND, URANIUM AND IRON FRAGMENTS

V., = V_+V_ +V,
t R u 1 \
v, = N xv, |
N

u
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i} N,
Ve = Vo + Vv v, (1)
N
u
- N,
W, = 165V, + 1168 V_ + 491 V_ ( i)
. u
_ N,
165 V., = 165 V_ + 165 V_ + 165 V_ ( i)
- u
Subtracting
- N,
W, - 165 V_ = 1003 V_ + 326 V_ ( )
u
=V [ (1003 + 326 ( Ni ) |
u N
u
v, o= W, - 165V,
1003 + 326 ( Ni )
Nu
W, = 1168 [ We - 165 Ve ]
1003 + 326 ( Vi )
N
u
125
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APPENDIX D

EGLIN AIR FORCE BASE
DEPLETED URANIUM WASTE DISPOSAL CONTINGENCY PLAN
(PROPOSFD)

1. INTRODUCTION

The Eglin AFB generates low-level radioactive waste in
the testing of armor penetrator munitions. Depleted uranium
armor penetrators are fired into a sand target butt as part
of acceptance testing of new munitions and quality assurance
testing of munitions from the war reserve. Approximately
50,000 penetrators are fired each year. After about 25,000
penetrators are fired into the target, the core of the target
is removed. The sand is sieved to remove the penetrator
fragments. The penetrator fragments and associated sand are
placed into 16-gallon drums. The sand passing through the
sieve is returned to the target butt. After approximately
100,000 penetrators (i.e., 3 to 4 firing cycles) have been
fired into the butt, the entire butt is removed. The sand is
sieved to remove penetrator fragments, and the residual sand
is placed into 55-gallon drums. Approximately 1100 55-gallon
drums of contaminated sand are produced by each sand change.

The target butt is partially enclosed in a building with
controlled ventilation. Air from the building is exhausted
through H.E.P.A. filters which collect any airborne contami-
nation. The H.E.P.A. filters are compacted into 55-gallon
drums. Approximately 10 drums of H.E.P.A. filter waste is
generated in each firing cycle. Some tests are conducted in
which depleted uranium penetrators are fired at armor plate
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or concrete blocks, causing localized contamination. The
plates and blocks are then decontaminated, which produces a
small quantity of depleted uranium waste.

2. PROJECTED WASTE VOLUME
Based on testing 50,000 penetrators annually during two

firing cycles, the estimated quantities of waste requiring
off-site disposal are as follows:

Fiscal Total Penetrator Contaminated H.E.P.A. Misc.
Years Volume Fragments Sand Filters Waste
(CF) (No. 16-Gal) (No. 55 Gal) (No. 55 Gal) (No. 55 Gal)
1986 8700 100+ 1100 20 5
1987 360 67 - 20 5°
1988 8700 100* 1100 20 5
1989 360 67 - 20 5
1990 8700 100* 1100 20 5

*Includes additional drums of fragments sieved during target
butt change.

3. WASTE CHARACTERISTICS AND EXPOSURE DATA
a. Penetrator Fragments

The penetrator fragments will be packaged in 16-
gallon steel drums (17H). Each drum will contain about 315
pounds of depleted uranium and about 185 pounds of dry sand.
The total weigﬁt of the drums will be approximately 515
pounds each. The activity per drum will be approximately 45
millicuries, and the specific activity will be about 200
nanocuries per gram. The external radiation will be less
than 3 mRem per hour.
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b. Contaminated Sand

The drums of contaminated sand will generally
contain 1 to 5 weight percent depleted uranium with some
drums containing as much as 10 weight percent. The drums
weigh 860 to 950 pounds each. The specific activity of the
drums containing 10 weight percent depleted uranium is about
30 nanocuries per gram, and the total activity is about 12
millicuries per drum. The external radiation will be less
than 1 mRem per hour.

c. H.E.P.A. Filters

The drums containing H.E.P.A. filters will weigh
about 250 pounds. The contamination consists primarily of
small particles of uranium oxide embedded in the filters.
The specific activity is less than 1 nanocurie per gram, and
the external radiation is slightly above background.

d. Miscellaneous Waste

The waste consists of contaminated clothing and
materials packaged in 55-gallon steel drums. It also in-
cludes residue from decontaminated target materials either
solidified or absorbed. The specific activity is less than 1
millicurie per gram, and the external radiation levels are
slightly above background.

4. ON-SITE STORAGE

There is no covered storage space for radioactive mate-
rials at the test site at Eglin AFB. Drums containing depleted

uranium waste are stored outside in fenced storage areas

]
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pending shipment. Shipments must be made within a few weeks

after packaging to minimize deterioration of packaging.
5. CHARACTERIZATION OF WASTE

The wastes have been characterized and do not contain
any hazardous wastes as defined in 40 CFR 261.

6. COMPLIANCE WITH DOT SHIPPING REGULATIONS
a. Penetrator Fragments

The penetrator fragments will be packaged with dry
sand in 18-gallon drums. The fragments and sand will have
been dried at temperatures exceeding 300°F, and all poten-
tially pyrophoric uranium will be converted to oxide and
rendered non-pyrophoric. The material will be shipped as Low
Specific Activity Radioactive Material, LSA, in drums quali-
fied as strong, tight industrial containers. The drums will
be labelled "Low Specific Activity Radioactive Material
Uranium Metal and Uranium Oxide - Non-Pyrophoric."

b. Contaminated Sand

The contaminated sand containing 1 to 20 percent
depleted uranium will be packaged into 55-gallon steel drums.
The sand will have been dried at temperatures exceeding
300°F, and all potentially phyrophoic uranium will be con-
verted  to oxide and rendered non-pyrophoric. The material
will be shipped as Low Specific Activity Radioactive Material
in 17H drums. The drums will be classified as strong tight
industrial containers because the weight will exceed the

limits for classification of these drums as Type A containers.
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M The drums will be labelled as "Low Specific Activity Radio-
", active Material."

e

v

Eisd

%& c. H.E.P.A. Filters

" v The H.E.P.A. filters will be compacted into 55-gal-
Qﬁ lon steel drums. The drums will be classified as strong

?

fﬁw . tight industrial containers, and the packages will be label-
\/

ol led, "Low Specific Activity Radioactive Material."

e

'¥ d. Miscellaneous Waste

it o 8

.
%‘_
LoartSd

b The miscellaneous wastes will be packaged in 17H
ﬁg 55-gallon drums. Homogeneous waste classifiable as low

&é specific activity radioactive material will be shipped and
:3: labelled as "Low Specific Activity Radioactive Material."
&f Heterogeneous materials not classifiable as LSA will be
ﬁ* shipped and labelled as Type A shipments.

it

%g 7. PACKAGING AT MAXIMUM DENSITY

it

Fi Packages containing penetrator fragments and sand and
RJ sand contaminated with depleted uranium will be filled to
i?‘ greater than 90 percent of container volume. H.E.P.A. fil-
Sg ters will be compacted into drums using a hydraulic com-

pactor. To the extent possible, miscellaneous waste will be
compacted into drums. Where compaction is not possible,
drums will be hand packed to achieve maximum packaging den-

sity.
L ]

n
N 8. COMPLIANCE WITH BURIAL SITE REQUIREMENTS
)
'é& The waste will have been rendered non-pyrophoric and
o will be shown to be non-reactive when immersed in water. All
|‘\'
DR Y
,'Q‘ |
I |
ey
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Wy
X waste will be packaged in metal containers. Any special
X , requirements of the designated Department of Energy disposal
¥

,j site will be incorporated into the packaging procedures.
F:

& 9. BURIAL COMPLIANCE WORK SHEET «
b

?& Attachment A contains a completed, "Burial Compliance

ﬁ Check Sheet for Radioactive Material." ' "
”

- 10. SOLID WASTE
"

..

! Attachment B contains completed, "Solid Waste Burial

)

ﬁ Record - Non Transuranic" forms for the four waste types.
 §

'.J

&j 11. STRUCTURAL ANALYSIS AND HANDLING PROCEDURES

?- No special containers will be used and no special handling
s procedures are required.

Wl
o 12. IMPLEMENTATION PLAN
‘|
’E a. The responsible individual designated in the Eglin
% AFB permit, hereinafter referenced 'as the permit
;‘ designee, will be responsible for the implementa-
'3 tion of the plan for the disposal of radioactive

" waste at D.O.E. disposal sites.

The permit designee will be responsible for resolu-

g aw e ah g &
et A
oy
»

tion -of DOD and DOE comments on this implementation
plan and for assuring that a current and approved

o

f. implementation plan is in effect at all times.

'h’ 1

a

0 c The permit designee will initiate correspondence
f; requesting the DOE to identify the DOE disposal
o

b
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: site designated to receive waste from Eglin AFB in
the event commercial disposal sites are not avail-

) able.

) d. Following the designation of the DOE disposal site,

the permit designee will establish contact with key
personnel at the designated site and will obtain
P, the guidelines for the acceptance of waste at the

A designated site.

e. The permit designee will prepare procedures for the
processing, packaging and transportation of waste
to comply with the DOE acceptance criteria and

applicable regulations.
3

o
(a2

The permit designee will obtain the concurrence of
the designated DOE site on the processing, packaging
and transportation procedures and will obtain the

approval of other governmental agencies as required.

g. The permit designee will maintain contact with the
commercial burial site, cognizant state authorities
and regional compact organizations and will take
those actions necessary to obtain space allocations

and to comply with burial site requirements.

. ‘ h. If conditions are encountered whereby the waste
generated by Eglin AFB will not be accepted at
commercial burial sites, the permit designee will
immediately notify the cognizant individuals within
X DOD and DOE of the éircumstances leading to non-

}. acceptance of waste. Oral notifications will be
followed by formal correspondence requesting imple-
mentation of the contingency plan and the alloca-

tion of space at the designated DOE facility.

., T
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e i. The permit designee will initiate action to have an
interagency agreement executed to provide funds to
the designated DOE site for the handling and disposal
of wastes from Eglin AFB.

i ‘

{h J- The permit designee will initate actions to reduce

m< the volume of waste generated and to provide tem-

gl porary storage to the maximum possible extent until

i commercial burial space becomes available.

W

Q k. The permit designee will orally report to cognizant
individuals in DOD and DOE any incidents or accidents

Y that occur in connection with the disposal of waste

r at DOE facilities and will provide written reports

- covering such incidents and accidents.

o

v 1. The permit designee will maintain contact with com-

@ mercial disposal sites, responsible state authori-

& ties and regional compact organizations and will

N solicit the continuance of acceptance of waste from

vkl Eglin AFB. The permit designee will provide monthly

ﬁ reports on the status of these negotiations.

}; .

:& m. The permit designee will notify the cognizant in-

' dividuals within DOD and DOE when commercial burial

?‘ space will become available.

-

- n. The permit designee will take those actions neces-

K-, sary .to terminate the use of DOE disposal facilities

R in an orderly manner and to resume the use of

E& commercial disposal sites.

'
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'532 13. POINTS OF CONTACT

X The permit designee will prepare and maintain a list of ‘
o cognizant individuals within DOD and DOE, complete with
N, office and home addresses and telephone numbers.
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ATTACHMENT A

BURIAL COMPLIANCE CHECKSMEET
FOR RADIOACTIVE SOLID WASTE MATERIAL

Rockwel]l Storage & Date Rockwell Solid Waste he
Disposal Approval Processing & Disposal

Nuabert Unit Approval Signatuce

Waste Generator: Armament Division, Eglin AFB, Florida =

Waste Title: ______ Depleted Uranium Waste

Storage/Disposal Container: 18-gallon and 55-pallon Steel Drums

Reference: RHO-MA-222, Rev.2 (Unclassified), July 1984,
D.P Belgrair, “Hanford Radiocactive Solid Waste
Packaging.Storage and Disposal Requirements*™

Waste Type: ( ) Classified {(x] Non-Transuranic

{ ) Transuranic VIPP Certified

C ] Transuranic WIPP Un-Certified

Disposal

Type: L %) Scheduled € 1 Retrievadble Storage
{ 1 Non-Scheduled (x) Contact Handled
{ J One-Time Only { 1 Remote Handled

C ) Direct Burial
Transport
Criteria: Cx) U.8.Departaent of Transportation
{ ) Waste Cenerator
£ J Rockwel) Transport Approval Number:

————— Py

Transpoct
Category: (X) Low Specific Activity € ) Limited Quantity

L x) Type A C ) Type B [ ) Highway Route
Controlled Quantity
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ATTACHMENT A

A. WASTE DESCRIPTION

Rockwell Storage &
Disposal Approval
Nusber

Yes

x3

[x)

6.

AN

§4 0l

Vaste Contents Included:

No Yes No

{ 1 Miscellaneous Solid Waste [ S [X) Tritium

(X3 Animal Carcasses € {X) Alkal: Metals

(X3 Unabsorbed Liquid Organics [ G | {X] Asbestos

{X) Jon Ezxchange Coluans [ S | [X) Lead Shielding

X)) DOT Class B !ols#n: [ G | (X] Cas Cenerating
Potential

X)) Heat Cenerating Potential [ | {X) Hasardous Material

(Greater than 0.3 watts/ct) Co-contam:nation

L 3 Other: Uranjium metal rendered non-pyrophoric

Note: The tollowing ate ptohibited: Free inorganic liquids,
incompatible materiasls, pyrophorics, ezplosives,
unreacted alkali metals,and unvented gas cylinders.

Physical Description of Waste:
a. Depleted uranium fragments and sand in 18-gallon steel drums

b. Sand contaminated with depleted uranium in 55-gallon steel drums

¢. HEPA filters containing uranium oxide in 55-gallon steel drums

d. Miscellaneous waste consisting of depleted uranium-contaminated clothing, material
and decontamination waste in 55-gallon drums

Radionuclide Activity Desctiption

'22“5:;&%?: Ltantin fragments @ 200 nanocuries/gram and 45 millicuries/drum

b. Contaminated sand @ 30 nanocuries/gram and 12 millicuries/drum
c. HEPA filters @ less than l nanocurie/gram
ﬂ.“iﬁff}kwpus waste @ less than ! nanocurie/gram

Not applicable

Hasardous Material Co-contaminant Description:

None

Masimum Allowable Fissile Quantity:
Less than 2 lbs/drum, Uranium 235
Void Spasce Filler Material:
Dry sand
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ATTACHMENT A

B. WASTE PACKAGING SYSTEM

. page 3 of ¢
Rockwel]l Storage § 4

Disposal Approval
Number

18-gallon Steel Drum
1 Container Name _ 55-gallon Steel Drum - -

2 Drawing or Specification Nuabet: 17H

18-gallon Steel Drum: Diam. 14.875 in; Height 26.75 in
3. Eaternal Dimensions: _oo-gallon Steel Drum: Diam. 23.84 in; Height 34.81 in

18~gallon Steel Drum: 2.5 cf
4. Disposal Volume: 55-gallon Steel Drum: 7.5 cf

18-gallon Steel Drum: 525 1lbs
S. Mazimum Gross Weight: 55-gallon Steel Drum: 975 lbs

é¢. General Description:

18-gallon drums containing 60 weight percent depleted uranium fragments in
dried sand

55-gallon drums containing ! to 20 weight percent uranium and uranium oxide
in dried sand

’. n.qiﬁﬁilﬂ%n‘l'."?ﬁ.?“ﬂ‘e‘h‘l‘a:Wf‘ filters and miscellaneous waste

Heat drying to dry sand and oxide potentially pyrophoric materials

8. Closure Mechanisa:
Bolted ring

9. Mazimum Allowable (Contact)
Radiation Levels: (Othert)

10. Maszsimum Allowable
Surface Contamination:

Py 11. Required Labels:

18-gallon Drums: Low Specific Activity Radioactive Material .
w Uranium Metal - Non-Pyrophoric

{g 55-gallon Drums: Low Specific Activity Radioactive Material

162
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ATTACHMENT A

B. VASTE PACKAGING SYSTEM (Continued)

page 4 of &
Rockwell Storage &

Disposal Appreval

* Number
12. Returnable Transport Overpacks:
- None
Note: The Vaste Cenerator must send a current Certificate of
Compliance (COC) and Safety Analysis for Packsging (SARP)
for each type of Returnable Transport Overpack to Rockwell
prier to the initial shipment and each time these documents
are tevised.
C. OTHER REGUIREMENTS
1. Admintstrative Controls:
Eglin Air Force Base, Depleted Uranium Waste Disposal Contingency Plan
2. Rockwell Storage/Disposal Instructions:
N *
[RY )
3 A
A
o
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ATTACHMENT B

Rockwell Hanford Operations

SOLID WASTE.BURIAL RECORD — NON-TRANSURANIC

USE BLACK BALL POINT PEN OR TYPE

SWEDT RECOMD NO.:

This pertion of ferm 10 0o compisted by
DISPOSAL SITE e ol

ORIGINATOR

€ Authorizetion No.
ARM)

_M_&me — -

Eglin AFB, Florida 32542

site.

Aren Burisl Grouns Ne. Troneh No. End Funcrion - Shigment No.
Coleson Neo. Sepinning Cosrdinares Compony

N [ - —

neing Coerdinetes M

N w Armament Laboratory
Remaras Aagrges / Phone

AD/TFRL
Signature - Asseptanes Dete
l 904) 882-4481
Accepied Per SOP No.
—-MTﬂun + Buriel Dete

1 aortify thet no capital Property is iNciuded in this DUri! uniess Jocu-
mented by s Property Dipossl Request, snd described D#Iow, and ** ° the
SONtents meet AHO-MA-222 requirements end sre packaged in A vell

per AND-MA-222,

PHYSICAL DESCRIPTION

Sigr Dste
1 aartify thet the weste packege JescTiption Below i cOMPiete based on

Materisl Conwents

[ ] v 8pp v ond that tThe waste package con-
forme 8 AMO-MA-222 end the epprovel suthorization.

Depleted uranium fragments in dried sand

W’.Tmt Roviewsr ) T Bate

packaged in 18-gallon steel drums. Drums

Methed of Inspection/File No.:

contain approximately 315 pounds of depleted uranium and about 185 pounds sand. Total
activity about 45 millicuries with specific activity about 200 nanocuries per gram. ‘

None
Preperty Diesossl Roguen Ne. Vel. 1 Combustivie Vel. % Noncombustiore
0 100
Coniner Approvel Number(s) Quentity g“m :an'ovu Stonderd
All Cantainenn X Drum (18" = 18" x 24°)
Must bs [ gnqen Wiet Holght Oiemewer Material of Conswruction
_ 26.75 in. 14.875 in. Carbon Steel
wenforg | 3o Deserigtion
Owperations Standard steel drum with bolted ring gasketed closure
[i Pounds Nucissr Tronsection No.

TotaLvorvme (evh) _ 2,5 | eemween _ 525 max, _ OO kweweme

ACTIVITY DESCRIPTION

Gor ¥ iy {8.0. long-tived isntepes sush & Pu, Co, §¢, Ca; mixed fission »
Depleted Uranium containing more than 99.5 percent U-238 and less than 0.5 percent U-235

[ Prsoniem TRU other then Pu
0 0
Grarm Qrama
I Fiestie Comamt Urenium 0.5% Activity (TRUAU - et incivaed] Y
- «-al /apuTa
715 aree 143,000 . Less than, I T v 45 x 10
Do Rete - Peskoge D ate - Bhipment D surtese
0O 1nenee O ineves
i n O rem L O sem
OISTAIBUTION: BY hin Wnite . SWSOT. 27808

SRierg R :;o.b- W Shipment
Geldenvan - Rowin

%c:wlu. Yeilow - Nuciosr Mariols, 3708-2
T Pk - Return e Shigper
$4-3000-381 (R-4-82)




-
i

e

e W
- e m -

“

COR RN X
o -

-
G

TS

—

e

o o i Y]

CEERSRETE T RN R T TR AT T T A T T T

ATTACHMENT B

Rockwell Hanford Operations

SOLID WASTE BURIAL RECORD — NON-TRANSURANIC

USE BLACK BALL POINT PEN ON TVYPE

SWEDT RECOND NO.:

¢ DISPOSAL SITE 'lhhmh::”unnl:'m“:

ORIGINATOR

Aree Burisl Ground Ne. Tronoh No. End Function - Bhipment Ne. Po: Authorastion NG,
Caigson Ne. Sepinning Conrdinesss Compeny
~ w —— J] Eglin Air Force Basge
" Ending Cooreinetes || Suilding -
N w Armament Laboratory
Aemeras Agtrems / Phone =
AD/TFRL
TPy ve———— o Eglin AFB, Florida 32542

(904) 882-4481

Ascopted Per SOP Ne.

| sartify thet no capitel property is included in this burisl uniess Jocu
Monted by & Property Dispossl Request, snd described betow. end 1 ° the
sontents mest ANO-MA-222 i and sre n R veilt

Signature - Burigt

per AMO-MA-222,

PHYSICAL DESCRIPTION

1 OU‘"V het the weste mk... description below is cOmpists based on

Moswrisl Contonw

ond thet the weste pachage con-
.mn » lNO-MA-::: ong the spProval suthorisation,

—Il Fignorure Dete

congaminated with depleted uranium metal and

't Reviewsr Dete

Method of Inspection/File Ne.:

axide; (2) HEPA filters contaminated with uranium oxide; or (3) miscellaneous waste

inated clothing and material and decontamination waste.

Tonic/Hazerdous Mowriels

None
Oiepessl Roquest Ne. Vel. % Combustible Vol. % Noncombustiie
0 100
Contpingr Approval Number(s) Quentity Menford Swandarg
88 Gatien ibervoerd
AN Containers X Drum (18" x 18" x 24"}
Must b [ gngen Wien Height O of C
el 34.81 in. 23.84 in. Carbon Steel

Hontors Genersl Description

Operstions | Standard steel drum with bolted ring gasketed closure

toraL vouume tevhy 7.5

Grom waigne ___ 97

Pounes Nuclear Transection No.

o]
5 max. D

ACTIVITY DESCRIPTION

v {E.G. long-lived lsntopes such e Py, Co, S, Cs; mined fission p
Depleted uranium containing more than 99.5 percent U-238 and less than 0.5 percent U-235.

——

Plutenium TAUY other then Py
Qreme Grame
- Freniie Content Wiehiem 0.5 Activity (TRUZU - Aot ingtuses]
. TOTAL INPREWY WAR /EDR Y
420 Grome 84,000 aremg €88 _than g curten 1.2 10"

[~ Dese fow - Paskage Bow Rote O —
0 surtens O surtece
[ nenes 0 1nchven

e et D Font L L ] D Font

DISTYTRIBUTION: BY

Whine
SRIPPER  vellow )} With Shipmant
—— e

Geldenred - Rowin

1

1% White - SWEDT, 2780-8
AOCKWELL  Yellow - Nuciesr Materisls, 2704-2
TS Pink - Retwrn te Shigeer
$4-3000-88¢ (A-4-82)
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APPENDIX E
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3 ' IMPACT ON THE SURFACE AND GROUNDWATER
P - ENVIRONMENTS OF A DEPLETED URANIUM
WASTE DISPOSAL FACILITY AT EGLIN AFB, FLORIDA
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1. INTRODUCTION

This document uses available background information to
develop an impact assessment for the waterborne pathways
associated with a depleted uranium disposal facility at Eglin
A.F.B. Airborne and other non-aqueous pathways have been
dealt with in operationally oriented portions of the report
on alternative methods of disposal. This document is prepared
in support of an application for the amendment of the present
license to allow on-site disposal under 10 CFR 20.302.

Assessment of the impact upon the water systems around

the site requires a sequential examination of:
Uranium Toxicology

Physiography, Climate Hydrogeologic Setting, Hydrology
and Hydrogeology of the Potential Site

Equilibrium Geochemistry and Uranium Speciation

Release Scenario/Source Term

Pathways Analysis and

Dose Assessment

The site waste application level is based on the highest

available disposal option (Option 4) under 10 CFR 20.302, and
this assessment is made on that basis.
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R 2.  URANIUM TOXICOLOGY

v;(!' .

g? Uranium is toxic to humans in two ways. First, it is a

Sb- nephrotoxin (kidney toxin) and second, it is a low specific

729204

LAY activity alpha-emitting radionuclide which once in the blood-
.

0 stream is partially retained in specific body areas or organs.

e

g

ﬁyﬁ . a. Chemical Toxicity

Uranyl (UOEZ) compounds and uranyl carbonate com-
plexes are very soluble, and these species of uranium are
very mobile at the pH found in bodily fluids (Reference E-1).
Ninety-five percent of the uranium ultimately retained in the
body is deposited in the bone. It is primarily excreted
through the kidneys and thereby damages the proximal tubule,
a critical part of the kidney. The earliest symptoms of this

damage are an increase in urinary catalase and albuminuria
o observed in both animals and humans. Experiments on volun-
teers and terminally ill patients utilized single injections
of between 20-100 micrograms per kilogram body weight

J UOZ(N03)2 to induce these symptoms (Reference E-2). Thus, a

e 180-pound person would require a concentrated intra-venous
'i 1 .
$§ dose of 6-7 milligrams of UOZ(NO3)2 before the kidneys would
%ﬁ be affected. Within 24 hours, 60 percent of such a dose is
LI |
M excreted in the urine; 25 percent may ultimately be fixed in
— bone (Reference E-3).
8

4
é& The principal concern with uranium in water path-
W
5@ ways would be oral ingestion and the associated potential
o * chemical toxicity. The fraction of uranium going from the
Je )
g . gastro-intestinal tract into the blood is 0.01 (Reference
g&; E-3). Consequently, a dose of from 600 to 700 milligrams
§3? would be required to indicate renal problems in the hypo-
T thetical 180-pound person. This chemical dose could come in
k)
R
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b
‘3 the form of 600 to 700 ppm uranium in a liter of ingested
water.
é; The likelihood of this occurrence at the Eglin site
* will be discussed in the Release Scenario Section. .
3
" b. Radiotoxicity
' :
? When uranium is retained in the bone or other
o critical organ, the uranium atoms emit alpha particles which
% cause damage within a cell on the genetic and biochemical
& level. Retained-in-bone uranium can expose cells to these
ff conditions for a relatively long time.
‘% The International Commission on Radiological Protec-
?q tion (ICRP) has dose commitment formulae that can be used to
L compute doses to a person from certain aqueous concentrations
o ingested by that person. The dose section of this document
g provides a series of deose calculations based on ICRP formulae
] for expected aqueous uranium concentrations. A concentration
A of between 0.1 and 1 ppm would provide a 10 rem (equivalent
$1 to natural background) 50-year whole body equivalent expo-
ﬁ_ sure. The U.S. Environmental Protection Agency (EPA) stan-
% dards limit the exposure to 1.25 rem for the same exposure
N period. This would require a human water consumption expo-
o sure to aqueous uranium concentrations between 10 and 100
u$ ppb. The Nuclear Regulatory Commission (NRC) standard for .
f' soluble U-238 (not depleted uranium) taken from 10CFR20,
e Appendix B, Table II is 120 ppb. .
iy
é% In general, lower aqueous uranium concentrations ranging
;% from 10 ppb to 1 ppm in water for human consumption will
L provide radiological doses that begin first to exceed EPA and
;} then NRC Standards and finally exceed average natural back-
Si ground radiation exposure levels by a factor of two. The
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precise threshold where this dosage assumes health-related
significance in long term exposure periods is not clear.

3. PHYSIOGRAPHY, CLIMATE, HYDROLOGY, HYDROGEOLOGIC SETTING
AND HYDROGEOLOGY OF THE PROPOSED SITE

The two candidate sites generally located on Figure E-1,
taken from the report entitled "Soils and Groundwater Con-
ditions at Two Borrow Pits, Eglin Air Force Base" (Reference
4), were considered early on as possible disposal sites; how- |
ever, TAC-62 has been ruled out because it is an active test
range and because waste would require approximately a haul of
15 miles from its present storage area (near TAC-64) to a
TAC-62 disposal site. Therefore this document will focus on !
a potential site at TAC-64.

a. Physiography

TAC 64 is located within the the Spencer Flats 7-1/2'
USGS Quadrangle in northwestern Florida about 12 miles NNE of
Niceville, FL. This general location is depicted in Figure E-1.
The specific location of TAC-64 is shown on Figure E-2. Drain-
age basin boundaries for Ramer Creek, Bull Creek and the
southern portion of Titi Creek's basin in the reach connecting
Ramer and Bull Creeks are also delineated on Figures E-2 and
E-3. Typically 80 percent of the Basin's areas are uplands and

' : 20 percent are valley slopes.

b. Climate

Mean daily temperatures range from 21.1°C to 26.7°C
in the summer and they range from 10.0°C to 21.1°C in the win-
ter. The mean monthly precipitation ranges from 3.2 inches
to 7.2 inches. The annual average precipitation is 61 inches
(Reference 5).
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TAC 64 Location Map
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The precipitation which occurs from December through
April is usually of the frontal type, providing widespread,
long-duration rainstorms. From June through September,
convective-type storms (afternoon and evening thunderstorms)

are the predominant rain producing weather system (Reference
\ 4
E-6).

. c. Hydrogeologic Setting

Middle Eocene and recent series sediments consti-
tute the major aquifers and confining beds in the vicinity of
TAC 64. Barr, et al. (Reference E-6), provide an excellent
description of the geology and relate it to hydrologic charac-
teristics of the rock units. The strata consist mostly of
marine limestone, clay, and sand. The stratigraphic units,
their approximate thicknesses, lithologic description and
water-bearing characteristics are listed in Table E-1. The
relationship between stratigraphy and hydrogeologic units is
also given in Table E-1. The four main hydrogeologic units
of concern in the vicinity are discussed below and are de-
picted in Figures E-4 and E-5.

The sand and gravel aquifer has a water table and
is mainly used locally for irrigation. There are few domes-
tic wells in the sand and gravel aquifer because of the low
total dissolved solids and hence poor acid-base buffering of

R the water. This condition promotes low pH which causes water
to corrode plumbing systems. It is not presently used for
public-wateg supplies other than for irrigation of golf
courses and other public recreation facilities.

The Pensacola Clay confining bed separates the sand

and gravel aquifer from the underlying upper limestone bed of

the Floridan aquifer. This hydrogeologic unit consists of !
the strata shown in Table E-1. The Floridan aquifer is the
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Hydrogeologic Cross Section and Groundwater Pathway

Figure E-4.

2. DISPOSAL UNIT LEAKAGE CHARACTERISTICS
3. HYDROGEOLOGIC AND GEOCHEMICAL

4. METEOROLOGICAL

1. WASTE FORM LEACHABILITY
MODEL: URANIUM DELIVERY RATES TO

3. STREAM DISCHARGE
4. FLORIDAN RECHARGE

1. VADOSE ZONE
2. WATER TABLE

SAND AND
GRAVEL ~_
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GIVEN: SYSTEM SHOWN BELOW AND APPROPRIATE DATA
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main water supply in the area. It consists of thick and
extensive sequences of interbedded limestones and dolomites
of Upper Eocene to Miocene ages. Specific strata are listed

3
o

in Table E-1. Groundwater storage and movement in the lime-

%% stone of the aquifer is through a combination of small solu-
w ' tion fissures and lafger cavities and solution channels. The
fﬁ aquifer is confined in the site vicinity. The Bucatunna clay
gﬁ . confining bed probably does not exist under the site vicinity
gﬁ but develops somewhere south and east of the site.

i

zﬁf ) The Claiborne confining unit is a shaley, chalky

%ﬁ - limestone of low permeability that forms the base of the

;ﬁ groundwater flow system (Reference 6).

&:

%3 d. Hydrology and Hydrogeology

i)

ﬁﬁ The general hydrogeologic system is simple and is
o schematically depicted in Figure E-4. 1In this hydrogeologic
ﬁ& setting, described in the previous section, with the presence
%\ of few heavily pumped wells, the surface drainage divides for
EJ - the sand and gravel aquifer are probably very close to the

,g, groundwater divides. Preliminary analysis of both the water
gg table configuration and the proximity of the Pensacola Clay
;n confining bed to the stream bottoms indicates that the streams
¥§ are discharge boundaries. A detailed site characterization
;; study would specifically search for data to accurately deter-
ﬁg ) - mine the boundaries of the local water table system. With

%} existing head conditions, water leaks through the Pensacola
il Clay confining bed into the Floridan aquifer. Leakage from
0 “ the sand and gravel aquifer into the Floridan aquifer in the
%& Ft. Walton Beach Area averages approximately 2-3 million

9& gallons/day based on the results of model studies (Reference
5? E-6). This represents less than 10 percent of the total

?f groundwater flow coming from upgradient areas. All precipi-
E$ tation falling within, for example, Bull Creek basin will :
e )

!
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ot ultimately be disposed of as: 1) evapotranspiration, 2)
. groundwater discharge into Bull Creek, and 3) leakage into
the Floridan aquifer.

i
?,
b The present location of the drum storage yard is .
e too close to the groundwater divides between Titi and Bull
)
$ Creeks to predict a flow direction in the ground water sys-
Q tem. Consequently, the potential disposal site should be lo- -
]
W cated as indicated on Figure E-3 approximately 0.6 mile south
of the cannon test buildings, 0.1 to 0.2 mile due west of the
""’
;g North-South access road. This location places the site in
ﬁ the Bull Creek watershed. Data for this watershed is shown
K)
7 in the table below.
{
l"
L Valley Average
: Upland Slope Annual
'.i Basin Area Fraction Fraction Precipitation Et* Discharge
; (mi2) (%) (%) (inches) (in/yr)  (in’/yr)
s Bull Creek €.73 83 17 61 30 31
¥
';z Ramer Creek 2.8 NA NA 61 30 31
)
:?{ South bank of Titi
5 Creek between
3 confluences with 0.52 NA NA 61 30 31
:;: above streams
{
::‘ *Evapotranspiration
A
R This location is the most desirable because its
:[ greater watershed area will provide more dilution potential )
& than a location in either Ramer Creek Basin or Titi Basin to
Y .
- the east and north, respectively. . It is also well into .
" upland area, and consequently, depths to the water table are
!
! optimized. 1In this setting the stream surface is at the
% elevation of the water table. The slope of the water table
! will be no more than 10 feet/1000 feet or nearly flat. The
o sand and gravel aquifer is slightly more than 150 feet thick
!
A
R
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at the TAC-64 site. The approximate potentiometric elevation
at that site is 130 feet (Reference E-6). Since the surface
elevation at TAC-64 (Drum Storage Area) is 200 feet above sea
level, the distance to the water table is on the order of 70
feet. The saturated thickness of the aquifer is about 80
feet.

Great care should be taken to locate the site
clearly in a single basin to avoid the possibility of leach-
ate flowing in two different directions. Single-basin loca-
tion is also critical in choosing a location for the poten-
tial site because in Titi Basin, there is no clearly defined
stream along which to intercept contaminated discharge. The
ground water probably flows directly into the wetland area in
the Titi Valley.

The upland portion of Bull Creek Basin will likely
produce little or no direct surface runoff; most precipita-
tion either becomes evapotranspiration or ground water re-
charge. Thus the surface water pathway for waste release is
not significant. The valley slope areas will produce surface
run-off on occasions in their steeper areas where soil has
enough clay content to retard normally high infiltration
rates. Because of these differences, the portion of the
groundwater flow channel depicted in Figure E-3 that is down-
slope of the upland/valley slope boundary will probably get
dilution less than that predicted by the surface area rela-
tionships. Because the surface runoff enters the stream at
the same location as the ground water flow channel, it will
be hard to detect the concentration differences that may

result from these particular basin characteristics.
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R 4, EQUILIBRIUM GEOCHEMISTRY AND URANIUM SPECIATION AT THE

: POTENTIAL SITE

é. Uranium speciation (by which concentration in an aqueous

- environment is controlled) is governed by three variables; ]
N

ﬁ o oxidation-reduction potential,

§

% i
X o pH, and

i

g' o total carbonate (open systems) or pCO2 (closed

‘) systems).

Some of the resulting reactions that must be considered

Q in the uranium-water-carbonate system are discussed in the

o ) .

% following sections.

fd

" a. Geochemistry

%

&’ The starting materials in the waste are either uranium

iy metal (U), uranium dioxide (U02) and/or mixed oxides from

N U30g to UO;. Uranium metal in the presence of moisture will

n react to form UO,.

B

4

M

" U + 2H20 > UO2 + 2H2 ,
Y i
’j UO2 under the proper oxidizing conditions (Eh* approxi- .
.é mately greater than 0.5) will yield to U02+2(urany1 ion).

: vo, » U0,*% + 2e° )
‘.:' . 2 2

v

4

I

" *This symbol indicates the redox or oxidation-reduction poten-

o tial of a redox system. It can be related to dissolved O2

K measured in aqueous solutions in the field.

I
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Under other conditions UO2 can be converted to U3O8’ but
this will probably not occur in the expected pH range; a pH
>8 is probably needed (Reference E-7).

If uranium metal is placed in an excess of air, it will
react to form a higher oxide as demonstrated by yellow and
greenish oxides present on penetrated armor plate and U3O8
detected on penetrated armor plate (Reference E-8). The most
likely chemical reaction course for the majority of the waste

is U to UO2 to UOZ2 if Eh and pH conditions are appropriate.

In the absence of carbon dioxide, pH and dissolved
O2 (or Eh) together control uranium solubility and specia-
tion. The presence of and concentration of HCO3-1 and/or
CO3 adds a third control. Uranium forms several complex
ions in the presence of CO2 or carbonates which will increase
its solubility by several orders-of-magnitude as is demon-
strated by the comparison of the three wells in the sections

that follow (References E-9, E-10 and E-11).
b. Uranium Speciation

In this section, the water chemistry of three wells
selected for their similarity of location to the proposed
site will be examined with the goal of predicting uranium
speciation. No Eh (or dissolved 02) data has been found for
the site vicinity; consequently, some values must necessarily
be assumed. To be conservative, slightly oxidizing conditions
are assumed for the vadose zone, and neutral or slightly re-
ducing conditions are assumed to develop at or below the
water table. It should be noted that copious abundance of
the organic material in the first layers of the vadose zone

could consume O2 and lower the Eh to a reducing environment
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very rapidly. Nevertheless, in lieu of hard data, +0.2, O,
-0.2 Eh values are assumed for the sampled wells.

Barr, et al., (Reference E-6) provide a comprehen-
sive view of the best and most current water quality data
available for the sand and gravel aquifer in the terrain
around Eglin Air Force Base. Wells producing in this hydro-
geologic unit are not available in the vicinity of TAC-64.
However, three wells producing in this unit set in similar
terrain but away from the proposed site are numbers 222, 224
and 279. Table E-2 tabulates the concentration values in
these wells for chemical species that can impact on uranium
concentration in the wells. The listed equilibrium expres-
sions are used to calculate carbonate concentration, and then

total carbonate species are computed.

Ultimately, if field-collected Eh or dissolved
oxygen data are available, equations from Pourbaix (Reference
E-6) can be used to calculate the stable uranium species for
each sample. For simplicity and time saving, with this
sample data the stable species can be graphically determined
from stability diagrams taken from Garrels and Christ, and
Langmuir (References E-9 and E-10).

The stability plots depicted in Figures E-6 and E-7
are taken from Garrels and Christ (Reference E-9). Paraphras-
ing the authors' words: they "compare the effect of CO2 on
uranium solubility in the open system (PCO ) and the closed
system.(ZCOz)._ In both instances, hexivalent uranium is
complexed strikingly as the uranyl dicarbonate and uranyl
tricarbonate ionic species, so that with appreciable (PCO )
or ZCOZ, the field of stability of the uranyl oxide hydrate
is wiped nut. These complexes are so effective that they
'eat' down into the field of stability of UO2 (uraninite)
when (PCO ) and ZCO2 are relatively high. It should be clear
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that carbonate-bearing solutions are excellent solvents for
uranium." Figures E-8 and E-9 are taken from Langmuir
(Reference E-10). Both references relate to geochemical
equilibria regarding ore deposits. As such they represent
low temperature aqueous geochemical equilibria and are appli-
cable to the sand and gravel aquifer situation.

Figure E-6 is utilized to plot rainfall at the -
three chosen Eh values (-0.2, 0, +0.2). Figure E-7 plots
wells #222 and #279 at the same Eh values. Values for well
#224 were picked off the rear plane of Figure E-7. All
points taken from Figures E-6 and E-7 are approximate, and
this may account for some of the differences observed between
species selected using the te<t by Garrels and Christ when
compared to species selected from the Langmuir paper (Reference
E-10). Figures E-8 and E-9 each represent a specific uranium
concentration. The values for rainfall and the three wells
are also plotted on Figures E-8 and E-9. Uranium speciation
predicted by both Garrels and Christ, and Langmuir (References
E-9 and E-10) is summarized in Table E-3.

UO2 is generally considered very sparingly soluble
to insoluble. All other uranium species in Table E-3 are
soluble in water to varying degrees which are documented.
Rain would fall with at least a mildly oxidizing Eh and would
have the potential to produce uranyl (U02++) or uranyl cs& -
bonate (UOZ(COB)Z-Z) as the stable uranium phase. As the '
water infiltrates into the vadose zone, organic matter would
decay and remove dissolved 02, lowering the Eh. Conditions
for UO2 stability begin to exist in the wells as the redox
potential nears zero. Although moving toward UO2 stability
and precipitation of solid compound is desirable, according
to some, fixation of uranium is unlikely because reaction

kinetics of the in-situ reduction are less than favorable
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- 10-9
W02 \——2-10" o' go
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= <+ UOH3* R
© o *—00
= URANINITE
a '\ Uoz
>—< U+4 \
O -02}- —0—0@
WELL NO. 222 AND\' N
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-04
2 4
pH
U =109 (o.ga ppb)
Pan_ = 10-2 (SOLID LINESY
a C02

= 10-3
P002 = 1072 (DASHED LINES)

Figure E-8. Eh-pH Diagram for the System U-OZ-COZ-HZO (25°C)
Uranium Concentration = 0.28 ppb
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Y, Figure E-9. Eh-pH Diagram for the System U-OZ-COZ-H2

W Uranium Concentrations 0.28 ppm

0 (25°C)
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(Reference E-11). With sufficient carbonate present, uranium
will remain mobile at Eh values as low as -0.1 (Reference
E-12).

c. Solubility Limitations

Uranyl hydroxide equilibrium and, in the presence
of carbonates, uranyl carbonate, are the two mechanisms which .
can control uranium solubility in the sand and gravel aquifer.

The reactions that control uranium solubility are
taken from Krauskopf (Reference E-12) and are for hydroxide
controlled systems:

UO,(OH), . UOZOH; + OH” = 10-14-2
uo, (ol)* 7 10,*% + oH" K = 10°8-2
UO,(OH), + 30H™ 7 UO,(OH); k= 10736
U62 + 2H,0 : ut® + 4on" k = 10°°6-2

The equilibrium expressions for these reactions can

be solved for the contribution that each species U022, U020H+,

UOZ(OH)é and U+4 will make to a saturated, equilibrated
system at the field-measured pH. The calculations have been

performed and results are summarized in Table E-4. ‘

For a carbonate-controlled system the following
reactions apply:

-2 2 2

+ - _ -14.6
UO2 + 2CO3 k = 10

UOZ(CO3)

TV

-2 > -2

-4.0
U0,(CO4)5° [ U0,CO4(s) + CO4
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> 2

-4 -2 - _ 1n-3.8
U0,(CO4) 3™ 7 U0,(C04)5 + CO, k = 10

The equilibrium expressions for these reactions can
be solved for the contribution that each species (U02+2, uo
(CO3).2 and U02(C03)3'4) will make to a saturated, equili-
brated system at the field measured pH and bicarbonate con-

centrations. The bicarbonate concentrations through the

2

equation in Table E-2 give the carbonate concentrations for
the above reactions. These values are combined with equili-
brium expressions derived from the above equations in order
to calculate the moles of uranium that can be dissolved at
the given conditions. These calculations have been per-
formed, and the results are summarized in Table E-4.

These saturation values will provide a conservative
estimate of the upper limit to the amount of uranium that can
be held in the groundwater; however, the Eh conditions of
stability must be met for any species to be stable. It is
assumed for the purpose of this conservative evaluation that
all species in each equilibrium scenario are stable.

5. RELEASE SCENARIO

As suggested in previous sections, the main release
pathway is via groundwater transportation in the surface
groundwater system of the sand and gravel aquifer. A source
term is developed for the waste forms, and a volumetric
dilution model is developed for the drainage basin. Sorption
and retardatioﬂ are assumed, conservatively, to be negligible.
The model produces uranium concentrations at identifiable
points on the release pathway. These concentrations are then

converted to doses in a subsequent section.

tg® S o =0
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el
kA
gl: a. Waste Form and Its Survivability
s _
SQ The waste form consists of a Portland cement-waste
j&" mixture designed with a hydraulic conductivity of 10-8 cm/sec
@ . , . .
h& cast into a high-density polyethylene mold shaped like a
;m ' right-hexagonal prism. The waste forms are approximately 9
%& feet in diameter and 8.5 feet in height. The waste mixture
() »
{w: . and casting technique will be optimized to minimize the
()
W probability of the development of any secondary permeability
e in the waste form through cracking of the concrete mixture
e,
gﬂ during and after curing. The following section indicates the
ﬁg causes of cracking and suggests mitigative measures.
B ) -
';.'{3:.!
%{ b. Causes of Cracking in Concrete Waste Forms
-3
&
oY This section presents a brief summary of the causes
™y and suggests possible means of prevention of cracking in con-
? crete structures in general, with specific application to the
iy waste forms discussed herein. The first two causes discussed
%& below apply to plastic (wet, or just poured) concrete; the
e others apply to hardened concrete.
J
L7
A% : . ,
) (1) Plastic Shrinkage Cracking.
‘:"‘
el
e (a) Cause:
2 As concrete begins to cure, after pour-
%q : ing, consolidation, and prior to surface
" e . .
h; finishing, water evaporating from the
MR surface faster than it can be replaced by
e * bleed water causes shrinkage near the
0 surface, with tensile stresses and resul-
: A tant cracks developing in the stiffening
hod
ﬁi, surface layers.
e
5
3"'5*
\".(
O
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(b) Possible Solution:
Plastic waste form molds, sunshades, and
windbreaks can be used to retard evapora-

tion and prevent rapid moisture loss.

(2) Settlement Cracking. '
(a) 'Cause: .
Differential slumping can occur in just
poured concrete because of local re-
straint by rebars, etc. Continuous
hardening then builds in tensile stresses
and can cause cracks.
(b) Possible Solution:
These can be prevented by careful consoli-
dation and use of concrete formulations
with the lowest possible slump. Careful
processing and proper handling will
prevent settling. The care may include
an entrainment of the mixture.
§ . (3) Drying Shrinkage.
5 (a) Cause:
During and after curing, water may still
be lost from the cement gel constituent ‘

of the concrete. The resulting volume

change is resisted, either by the aggre-

gﬁ gate or by the subgrade. The tensile

1t

ﬁk forces thus generated, if they exceed

ﬁa material tensile strength, cause shrink-

A

M age cracks.
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(b) Possible Solution:
Drying shrinkage can be reduced by using
the maximum possible amount of aggregate,
minimum water/concrete ratio, use of
shrinkage compensating cements, or by
sealing the surface to prevent loss of
moisture. Obviously, a concrete intended
. for use in a high relative humidity or
moist environment will be much less
subject to shrinkage cracking than if
used otherwise. The proposed high den-
sity polyethylene mold with lid will
virtually stop drying.

(4) Thermal Stresses.

(a) Cause:
Temperature differences within a concrete
structure can be generated by changes in
ambient conditions or by heat of hydra-
tion effects or by both. The resultant
differential volume changes generate
tensile stresses, which, if sufficiently
large, can cause cracking. The more
massive the structure, the greater the

susceptibility to this kind of damage.

(b) Possible Solution:
The cement used should be a low heat of

r hydration type. When buried, these
E monoliths will not be subject to large or

A sudden temperature swings, but during the

Yy time, if any, when they remain unburied,

I they should be maintained at as near a

l.

g .

i
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constant temperature as practicable.
This may include casting wasteforms in
the burial position and partially back-
filling the sides and top of the waste-
form after a day or two of setting time.

{(5) Chemical Reactions.

(a) Cause:
Concrete may crack because of internal
expansion processes, as from the alkali-
silica reaction, or from attack by ground
waters, such as those containing large
amounts of sulfate ion.

(b) Possible Solution:
Control measures include use of pozzolans,
use where sulfate resistant cements are
indicated, avoiding reactive aggregates,
use of low alkali cement specifications,
and surface sealing. In the present
case, trench backfill should be specified
to be low in alkalis, soluble sulfate,

and other aggressive chemicals.
(6) Weathering Damage

(a) Cause:
This results from freeze-thaw cycles,
heating-cooling cycles, and wet-dry *
cycles.

(b) Possible Solution:
A waste form monolith will be protected

if buried well below the frost line.
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This is not a problem in Northwest Florida.
I1f wet-dry cycles are a problem, a heavy

surface coating would be ameliorative.

(7) Rebar Corrosion.

(a)

(b)

Cause:

A corrosion product is generated whose
specific volume exceeds that of the
corroded-away metal, thus introducing
internal tensile stresses. As corrosion
proceeds and the volume of corrosion
product grows, the stresses exceed the
tensile strength of the concrete, and
cracks occur. These cracks facilitate
the corrosion process by admitting more
aggressive chemicals, creating a positive
feedback process.

Possible Solution:

If the final waste form design and the
operation scenario for waste placement

can exclude wasteform reinforcing, the
problem is avoided. 1f reinforcing is
indicated, measures should be taken to
prevent rebar corrosion. Use of rebar
coating, low permeability cement, adequate
rebar cover, and corrosion inhibitors are
all potential solutions. Corrosion of
rebars is least likely when the ground-
water chloride content is low. If chloride
attack is likely to be a problem, some
form of cathodic protection might be

considered.
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In summary, resistance to cracking requires careful
design and detailing, good construction practices, and the
avoidance of overloads.

BEN-TE

c. Waste Form Release Scenario _
\J
WG
:&: There is a lack of conventional leachability data
R . . N
A for uranium in Portland cement waste forms. In the absence
Bty

of leachability data, uranium solubility data can be used to
conservatively estimate the rate at which water will remove

(R uranium from the waste form. Further, the burial environment
§E is not suitable for diffusion controlled leaching; the waste
5@ forms must be saturated or, in other words, standing in

Y water. The waste forms at Eglin will be in the vadose zone

-t
e 20

o
o
n

and will as a result not be standing in water. For the

"ﬁo
™ el
o

ol i P

purposes of this document, a plug flow model was envisioned
where a wave of saturation moves down past a waste cylinder

o,
S
el

o

as a result of some rain event. This wave will interact with
the waste form as dictated by its residence time in contact
with the waste form, the waste form hydraulic conductivity,
the soil hydraulic conductivity and the uranium species

e solubility in water.

s

- 'd‘,‘."’""t.‘r
L o Sy ruls e

#

j{ In the model, water from each successive plug flow event

i{ will penetrate a shell of the wasteform. The shell thickness

s is controlled by the hydraulic conductivity of the waste and

%% the time it takes for the ‘plug to pass by a point on the 4
Eﬁ waste form surface. This travel time is a function of the

I hydraulic conductivity of the medium which surrounds the .
i" cylinders. Successive plug flow events will continue to

;g extract uranium from the same shell in quantities defined by

T: the solubility limits until the uranium is completely re-

3‘ moved. At that point, to be conservative, the shell will be

i arbitrarily removed and the process begins on the next shell.

e

i
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In summary the model assumes that:

(1) waste forms are bare, without the high density
polyethelene walls, bottom and top;

¢ (2) waste forms are right circular cylinders;

(3) residence time for water in the shell is
sufficient for uranium to dissolve;

(4) shell disappears when all of its uranium is
removed;

(5) hydraulic conductivity of the soil is constant;

(6) water plug thickness is equal to inches of
rain per rainfall distributed through the free
area between cylindrical array;

(7) entire waste inventory (25 yr.) is placed in
the ground at time equal to zero.

A computer program was developed for the model. A
flow diagram for that code is shown in Figure E-10. The
output and input variables are shown on Tables E-5 and E-6.
The output indicated the mg/l uranium concentration of liquid
delivered to the soil below the waste forms. The waste
loading in the waste form was the maximum under 10CFR20.302.
The concentrations of leachate delivered were based on car-

4 bonate-controlled solubility in well #222 equal to 2970 mg/1
uranium and hydroxide-controlled solubility in well #222
equal to 0.68 mg/l uranium. These values were selected
because they represented maximum values in each category
among the three wells.
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Density Factor

!

2 Total Rain Fall/Year ie— Number of Rain Fall
Y Water Slug Thickness Events/Year
~o— Areal Distribution
l . of Waste Cylinders - )
-{ Water Saturation Time
& - Initial -
N Uranium
l Concentration
- in Concrete —
4 Depth of Water "
" Concrete Permeability —a Penetration
jf into Concrete
,‘ Number Height
& Volume of Shell
‘,;. Radius — =1 Amountof [*——
g ‘ Uranium
' in Sheil
¥ Grams of Water
) Concrete Porosity —e1  Which Soak into
‘ﬁ: Concrets Shell
4 ]!
a Grams of Uranium
-a:- Solubility of Uranium == Removed from the
:: in Water Shell by Each Rain
* ' t More Left
)
K}
Amount of Uranium
Left in the Shell et
B After Each Rain .
&
i & None Left
= ‘ ) Disintegrate Old Shell .
and Calculate
A New Cylinder Radius
Figure E-10. Waste Form Release Source
:? Model Computer Code Flow Chart
¢
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TABLE E-5. SOURCE RELEASE MODEL RUN INPUT AND
OUTPUT AT URANIUM SOLUBILITY = 0.68 mg/1
: EGLIN AIRFORCE BASE URANIUM RELEASE RATE  USOL=2930.0
i
o
N
t U RELEASED AVERAGE U RELEASED
PER YEAR CONCENTRAT 10N CUMULATIVE U-FRACTIOW
o YEARS (GRANS) (MG-U/L-WATER) (GRANS) RELEASED
N 1 1.6241E+01 4.9614E-03 1.6241E+01 1.4705€-07
3 10 1.6261E+01 4.9613€-03 1.6073€+02 1.4553€-06
100 1.6241E+01 4.9412€-03 1.6056€+03 1.4538€-05
: 1000 1.6236€+01 4.9398€-03 1.6052E+04 1.4534E-04
10000 1.6189€+01 4.9254€-03 1.6028£+05 1.4513€-03
o 100000 1.5734E+01 4.7871E-03 1.58006+06 1.4306€-02
e 200000 1.4948E+01 4.5481€-03 3.11186+06 2.8176€-02
o 300000 1.4828¢+01 4.5115€-03 4.5989€+06 4.1640€-02
- 400000 1.4123€401 4.2969€-03 6.0443E406 S.4728E-02
& 500000 1.4041E+01 4.2719€-03 7.4509€+06 6.T463€-02
;E: 600000 1.3400€+01 4.0770€-03 8.8209€+06 7.9868E-02
R 700000 1.3347+01 4.0609€-03 1.0157e+07 9.1963€-02
}g.o; 800000 1.2760€+01 3.8823€-03 1. 14606407 1.0377€-01
B 900000 1.2467€+01 3.7930€-03 1.27336407 1.1529€-01
1000000 1.2646E+01 3.7868€-03 1.3978E+07 1.2656€-01
si'-;
e
g
il :
gt EGLIN AIRFORCE BASE URANIUM RELEASE RATE  USOL=2930.0
L
Ay
) RADIUS OF CYLINDER (IN)....cceveoncecnonecennnsnnene  &.52006001
B¢ WEIGHT OF CYLINOER (IM)e.ciuiieioccnnacns: eevecese  B.4000E901
3 NUMBER OF CYLINDERS......cccocnveecccoccosncnnvacncs 700
AREA ASSOCIATED WITH ALL CYLINOERS (SQ IN).......... 6.47006+06
o RAINFALL PER YEAR (IM/YR).....ccueererecnsseccnceces 3. 10006401
i NUMBER OF RAINFALLS PER YEAR......cccccecccnscncnces 15
K CONCRETE PERNIABILITY (CM/SEC).....cccevecccceseeces 1.0000E-08
J‘f. VELOCITY OF WATER SLUG THROUGH SOIL (CM/SEC)........ 1.0000€-02
R MUMBER OF YEARS OF TRACKING.......ececeencecncrcaces 1000000
s CONCENTRATION OF URANIUM IN CONCRETE (G-U/CC-CONC).. 1.9550E-02
X SOLUBILITY OF URAMIUM (MG-U/LITER-WATER).....cvccce. 2.9300E403
,;.c‘ GRAMS OF WATER PER CC OF CONCRETE......cceccvcvaesss 2.5000€-01
W PRINT OPTION O/W ALL YEARS/N SELECTED YEARS......... 15
»::‘:
S
_ SELECTED PRINTOUT TIMES (YEARS)
= 1 10 100 1000 10000 100000 200000 300000 400000
.';;;‘ S00000 600000 700000 800000 900000 1000000 ~
4 ’: »
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TABLE E-6. SOURCE RELEASE MODEL RUN INPUT AND OUTPUT
AT URANIUM SOLUBILITY = 2930 mg/l

EGLIN AIRFORCE BASE URANIUN RELEASE RATE  USOL=0.68

)
. U RELEASED AVERAGE U RELEASED
3 PER YEAR CONCENTRATIOM CUMULATIVE U-FRACTION
8 YERS (GRANS) (WG-U/L-VATER) (GRANS) RELEASED R
o 1 3.7693€-03 1. 14686 -06 3.7693€-03 3.41288-11
10 3.7693€-03 1.1468E-06 3.7693€-02 3.4128€-10
» 100 3.7693€-03 1.1468€-06 3.7693€-01 3.41286-09
1000 3.7693€-03 1.1468€-06 3.7693€+00 3.4128€-08
o 10000 3.7692-03 1.1468€-06 3.76928401 3.4128€-07
) 100000 3.7692¢-03 1.1468E-06 3.76926402 3.41286-06
b 200000 3.7692€-03 1.14682-06 7.5384£+02 6.8255€-06
, 300000 3.7692€-03 1.1468€-06 1.1308€+03 1.02386-05
400000 3.7691€-03 1.1468E-06 1.5077E+03 1.3651€-05
B 500000 3.7691€-08/ 1.1468€-06 1.88466+03 1.7064€-05
i 600000 3.7691€-03 1.1467€-06 2.2615E+03 2.0476E-05
v 700000 3.7691E-03 1.1467E-06 2.6384£+03 2.38896-05
o 800000 3.7690€-03 1.1467E-06 3.0153€+03 2.7301€-05
900000 3.7690€-03 1.1467€-06 3.39226+03 3.0714€-05
. 1000000 3.7690€-03 1.1467€-06 3.7691E+03 3.4127€-05
Q!
‘”:
%
8 |
» EGLIN AIRFORCE BASE URANIUN RELEASE RATE  USOL=0.68 |
A
)
o RADIUS OF CYLINDER (IN).ecceccrecnncenecncconcansans &.32006401
EIGHT OF CYLINDER (IN)...ceeevecscesaeccnscasennces 8.4000E401
: WUMBER OF CYLINDERS......ccccvcersccenconcnascccanes 700
AREA ASSOCIATED WITH ALL CYLINDERS (SO IN).......... 6.4700E+06
i RAINFALL PER YEAR (IN/YR).eeoeieecececconccasensncce  S.1000E001
& WUMSER OF RAINFALLS PER YEAR.......covtenseencssenns 15 ‘
it CONCRETE PERMIABILITY (CW/SEC)..c..cevecssscceccsss. 1.00006-08
VELOCITY OF MATER SLUG TWROUGH SOIL (CM/SEC)........ 1.0000€-02
.ﬁ; NUMSER-OF YEARS OF TRACKING......ccccceececcacecssce 1000000 .
] CONCENTRATION OF URANIUM IN CONCRETE (G-U/CC-CONC).. 1.9550€-02
4 SOLUBILITY OF URANIUN (MG-U/LITER-WATER)............ 6.8000€-01
0 GRANS OF WATER PER CC OF CONCRETE........ceeeeseesss  2.5000€-01
N PRINT OPTION O/N ALL YEARS/N SELECTED YEARS......... 15
o

SELECTED PRINTOUT TINES (YEARS)

i 1 10 100 1000 10000 100000 200000 300000 400000
¢ $00000 400000 700000 800000 900000 1000000

:;.:
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d. Pathway Analysis

B Precipitation infiltrating over the entire waste
e area will flow past the waste forms and acquire uranium as
discussed in the previous section.

This uranium-bearing solution or leachate is subse-
. quently transported down through the vadose or unsaturated
zone of the sand and gravel aquifer to the water table.
Basin-controlled groundwater flow transports the leachate
= onward to stream discharge. A small fraction of the leachate
will be diluted and may subsequently leak into the Floridan
» aquifer. Dilution, dispersion and sorption all act during
- this transportation process to lower leachate concentration;
T, however, dilution only is considered here. To be corserva-
Q& tive, no credit is taken for sorption or dispersion.

\ The release pathway can be divided into four com-
5% ponents for evaluation. The outlet or drain for each com-
RN ponent is a point where uranium concentration can be computed
b by dilution factor application to calculated leachate concen-
tration. Three of these components and concentration cal-
culation points are shown in Figure E-3. Leachate is produced
in the waste disposal area and enters into the ground water
flow channel where it flows to ground water discharge along

the stream bank. The contaminant travels along the stream
pathway to the drainage basin outlet. Because the surface is
‘g sandy and upland slopes are low, actual surface runoff can be
;i expected to be -minimal. Surface runoff may occur in valley
slope areas or areas where the clay content of the soil

o reduces infiltration; but in upland areas, precipitation

W enters the ground. Data indicates that the average annual

A rainfall for the site is 61 inches. Thirty inches of this

- water is lost though evaportransporative (Et) losses
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(References E-13 and E-14). The remaining 31 inches of
annual water (infiltrate) is available to exit the waste
disposal area as leachate.

As the leachate moves into the groundwater portion
of the release pathway, it will be diluted by uncontaminated
infiltrate. 1In this terrain the greatest portion of the 31
inches of annual rainfall infiltrating the flow channel will
reach the ground water. A plume of uranium-bearing ground-
water will flow from the stream bank and/or bottom where the
groundwater flow channel intersects the stream channel. At
this point a concentration and dose will be computed. This
contamination will mix with stream water and be diluted as it
flows along the stream course. Finally, concentration and
dose will be computed for the uranium-bearing water as it
exits the basin at the outlet. Contaminated groundwater can
leak through the confining bed into the Floridan aquifer. No
quantitative data is available to accurately calculate this
dose; it will be very conservatively estimated.

6. VOLUMETRIC DILUTION RATIOS

A volumetric dilution model for the groundwater pathway
to the Bull Creek basin outlet is very simple because of the
uncomplicated hydrogeology and the near absence of surface
runoff. The model is depicted in Figure E-11. The V param-
eters reflect volumes (annual) of water received at or before
the indicated discharge point. The A parameters are areas
receiving precipitation, and P is precipitation.

1f precipitation assumed is on an annual basis assumed

to be uniform over the drainage basin, then the ratios of
relative basin areas:
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e Concentration at
: —aod  Plume Entrance
R : . . to Stream
,':ie
R
ﬁz

ﬁ?

| Px Ag=V, \

::-::I P = Precipitation \

i Vq = Annual Infiltrate Above Waste \

o Vg = Annual Infiltrate Above Groundwater

AN Flow Channel

V3 = Annual Infiltrate Over Entirs Bull A

R Creek Basin (less V4 + V) Concentration
. . at Stream

B A1 = Waste Disposal Area Subject to Basin Exit

i Infiltration

| Ag = Plume Ares Subject to Infiltration

) Ag = Bull Cresk Drainage Basin Area

.5; . (less A1 + Az,

ot 766804-3A

Figure E-11. Groundwater Pathway Release Model
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1 : fg : f; :
A 4 A
can be used as dilution factors. These ratios are expressed

numerically for Bull Creek Basin as: 1:13.9:1533.

The concentration of uranium in the sand and gravel that
can seep through the clay confining layer can, at worst, be
equal to the concentration of uranium in the contaminated
water where it enters the confining bed. The concentration
on the top side of the confining layer could be as high as
the leachate concentration, but will decrease as the uranium
concentration in the plume in the sand and gravel aquifer
decreases. Conservatively, the leachate concentration will
be used to estimate a dose maximum that would come from
consumption of water from a Floridan aquifer well screened to
produce from the zone immediately beneath the confining.layer
area which is leaking contaminated water from the sand and
gravel aquifer. This does estimate, as the others, does not
take credit for sorption by clay. Any dispersion of the
contaminated in the Floridan aquifer as the contaminatnt
migrates would reduce the level but the amount of that reduc-
tion cannot be predicted herein.

The down gradient and down stream computed uranium
concentration values based on leachate concentrations com-
puted with the uranium release model are given in Table E-7.
Following down the first column of that table, the average
leachate concentration (from Table E-6) is divided by 13.9
and 1533 to calculate the concentrations at Stream Bank
Discharge and Bull Creek Basin Outlet, respectively.
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TABLE E-7. URANIUM CONCENTRATION AT VARIOUS
POINTS ON THE RELEASE PATHWAY

Control Method

{ Uranyl Hydroxide Uranyl Carbonate
(mg/1) (mg/1)
(1) golubility limit 0.68 2930
¢ mg/1
(2) Average Concentration 1.15 x 10°° 4.94 x 1073

in Leachate

Concentration at:

Stream Bank Discharge 8.27 x 10°8 3.55 x 1074
Bull Creek Basin 7.50 x 10710 3.22 x 10”8

Outlet
-6 4.94 x 103

Water Well in (3) 1.5 x 10
Floridan Aquifer

(1) Based on W# 222.

(2) Returned from computer source term model see Tables 6
and 7.

(3) Well, cased to yield from the hypothetical "zone-of-
contamination" immediately below the clay confining
layer. The concentration is the same as the
leachate concentration.
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7. DOSE ASSESSMENT

In this section a dose that is likely to result from the
chronic ingestion of uranium in a 50-year consumption, 50-year
body burden scenario will be calculated. This dose is utilized
. because it represents a conservative evaluation of the exposure
] to a person if they consumed water for 50 years with any of
! the six uranium concentrations shown in Table E-7. ’

. Table E-8 presents a summary of the dose calculations.

i, The data are presented in two sections. The first section
requires groundwater chemistry whereby uranium concentration
. is limited by formation of uranyl hydroxide. The second
section requires groundwater chemistry whereby uranium concen-
tration is limited by formation of uranyl carbonate and
several related complex ions. Within each section, the first
row contains concentrations and dose assessments for actual

in-trench area leachate and the Floridan well, the second row
il for the groundwater as it discharges through the bank into
the stream, and the last row for the stream water at Bull

AN Creek Basin outlet.

Qé The columns in the table take the mg/l uranium concentra-

Y tion and transform it into a dose. The factors used in the

W calculations and their sources are indicated on the bottom of

. Table E-8. No dose even at the leachate level exceeds 25

s mr/yr, the applicable 10CFR61 release standard. The 10 CFR <
i 20.302 standard from Appendix B is 4x1072 pCi/ml for water

I release. This .converts to 0.12 mg/l, and the highest calcu-

Vv lated leachate concentration is nearly two orders-of-magni-

e tude less than that value.
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8. SUMMARY AND CONCLUSIONS

The summary and conclusions of each subsection of this
document are highlighted below, and the overall conclusion is
presented at the end of this section.

a. Uranium Toxicology

(1) Summary: Background information indi-
cates that one must consume in
the neighborhood of 700 ppm
dissolved uranium in water to
cause toxic metal poisoning
symptoms. Long term doses may
become radiologically signifi-
cant above 10 ppb uranium in
water taken into the body.

(2) Conclusion: Chemical toxicity is a short
term problem for higher uranium
concentrations, while radio-
toxicity is a longer term
problem which can be caused by
prolohged exposure to lower
uranium levels in water.

b. Physiography, Climate, Hydrogeologic Setting,
Hydrology and Hydrogeology of the Potential Site

(1) Summary: Three wells were examined
because their setting (physio-
graphic, etc.) is similar to a
well which could be drilled to
yield water from the sand and
gravel aquifer at TAC64. The
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(2)

Conclusion:

water table in this well would
be about 80 feet beneath the
surface. The head or piezo-
metric surface of the under-
lying Floridan aquifer is near
the top of the Pensacola clay
unit which separates the sand
and gravel aquifer from the
Floridan aquifer. Because of
the nature of the soil and the
terrain, overland runoff is a
very small fraction of the
total discharge and occurs in
valiey slope areas with abundant
clay content in the soil.

Low-levels of uranium may leach
from the waste and travel down
to the water table and the
present position of the piezo-
metric surface for the Floridan
aquifer would permit recharge
from the sand and gravel system
into the Floridan aquifer at
that location. Since the high
soil hydraulic conductivity in
the vicinity of the proposed
site and soil conditions in
general minimize surface runoff,
the surface water release
pathway is not a significant

one and is not examined.
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c. EqQuilibrium Geochemistry and Uranium Speciation

.; ) (1) Summary: Because dissolved oxygen (or

a* Eh) data were unavailable, some
N tentative values were assumed,

. and stability of various uranium
o species was examined. The

") choice of oxidation reduction ?
potential (Eh) can clearly

shift the system from Uozto

B UOZ+2 areas of stability.

& Movement from a field of UOE2

K stability to a field of UO2

N stability should not be assumed

o to fix the uranium because

" reduction kinetics are poor.

it With stability assumed for

i uranyl ion or uranyl carbonate

€ complexes, uranium solubilities

) with either carbonate or hydroxide

: control were calculated.

" (2) Conclusion: The water chemistry in one of
W the three wells would support
B chemical and radiologically

", significant doses in a car-

i, bonate-controlled system. The ‘
e chemical environment of two

5, . wells will support uranium

v concentrations that exceed the
- threshold of significance for
e long term radiological doses

o (10 ppb). Thus the geochemical

. environment cannot be depended




on to prevent or curtail the
migration of uranium away from
the waste burial site.

d. Release Scenario/Source Term

e

(1) Summary: Traditional leaching data is

ol

Ny

unavailable for uranium. If it

P
-

were available, leaching data
would not be applicable because
of the site conditions at Eglin
. AFB. A computer model based on
‘ equilibrium-controlled dissolu-
‘ tion of uranium from a concrete
& waste form was envisioned. The
9 model uses the hydraulic conduc-
. tivity of concrete and the soil
to determine residence times
] for water among and within the
' waste forms. The model defines
a concentration of uranium in
the fluids leaving the waste-form
array and projects the uranium
fraction removed from the waste

@ forms as a function of time. |
ii v (2) Conclusion: The highest calculated leachate 1
¥ concentration with the maximum

i . depleted uranium concentration

- .

3 disposal option under 10CFR20.302
(for carbonate-controlled
solubility) is about 5 ppb. At
that rate 13% of the total

- uranium in the waste will be

- T

e
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Pathway Analysis

(1)

(2)

Summary:

.Conclusions:

released in 106 years. The
model is thought to provide a
more realistic estimate of
uranium release than a conven-
~tional leaching model.

However, the model is very

conservative because it omits ’
consideration of the high

density polyethylene (HDPE)

barrier around the concrete

wasteform.

Because of the high infiltra-
tion rate and the simplicity of
the sand and gravel hydrogeolo-
gic system, the dilution factor
approach provides a simple and
conservative means to estimate
stream bank discharge water
quality and basin outlet water
quality. To add to the conser-
vatism, sorbtion and dispersion
are not considered in the
analysis. <

The concentrations of uranium,

with carbonate solution control
assumed, are approximately 0.4
ppb and 3x10°3 ppb at the
stream bank discharge point and
the basin outlet point, respec-
tively. These concentrations
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. are at least 10 times less than
any known or proposed standard.

o The conservative concentration

maximum for uranium in a Floridan

i

aquifer well is 5 ppb.
£. Dose Assessment

(1) Summary: Doses are calculated for the

highest calculated uranium
0 concentrations under hydroxide-
! . and carbonate-controlled scen-
3 arios. The doses are listed

for leachate of Floridan aquifer
i well, stream discharge and
o basin discharge. The doses are
E 50 year ingestion/carried as
body burden for 50 years.

i
e

-

(2) Conclusion: The highest doses were for the

e e
e

ek

carbonate-controlled scenario.

Lo
h

The calculated WBE exposures
. were approximately 67 mrem, 5
I mrem and 4.4x10"2 mrem for
'h leachate, stream bank diécharge
) and basin outlet waters, respec-
tively. No calculated dose,
nd even from leachate of Floridan
¥ . . aquifer well, exceeds the 25
i 3 mrem/year standard for waste
" ' release under 10CFR61. No dose
exceeds the 10CFR20.302 Appendix
% B standard for release.
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In closing, it should be said that although the
terrain in Florida poses difficulties for ordinary shallow-
land disposal of waste, a carefully designed, properly engi-
neered disposal effort will have no significant impact on the
groundwater in the area.




o2

E-4.

E-5.

E-7.
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